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FOREWORD 


This  report  was  prepared  by  The  Connecticut  Hard  Rawer 
Company  on  Air  Force  Contract  Mo.  AF  33(616) -1|27.  The 
contract  was  initiated  under  Research  and.  Development 
Order  No.  $82-218,  "Hot  Cycle  Pressure  Jet  Rotor  Assembly," 
and  was  administered  under  the  direction  of  the  Materials 
Laboratory,  Directorate  of  Research,  Wright  Air  Development 
Center,  with  Lt.  Arthur  J.  Butler,  Jr,  acting  as  project 
engineer. 

The  authors  wish  to  acknowledge  the  contribution  made  by 
E.  J.  McPartland  and  J.  McCarthy,  laboratory  technicians, 
who  carried  out,  in  a most  satisfactory  manner,  a large 
part  of  the  «xpe rimsntal  work. 
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ABSTRACT 


This  report  describes  work  on  the  investigation  and 
development  of  structural  adhesives  from  silicons  materials 
for  high  temperature  service  conditions  such  as  are  encount- 
ered in  certain  aircraft  operations.  The  results  of  lap- 
shear  tests  on  alum.num-to-aluminum  specimens  bonded  with 
a large  number  of  silicone  resin3,  rubbers,  copolymers, 
and  experimentally  compounded  mixtures  are  reported.  The 
data  presented  shows  that  adhesives  with  considerable 
strength  can  be  obtained  and  that  the  target  objectives, 
although  not  yet  reached,  are  not  beyond  the  realm  of 
possibility.  It  was  found  that  shear  strengths  averaging 
over  2000  psi  at  70°F,  700  to  900  psi  at  300°P,  and  400 
pai  at  500°P,  can  be  obtained  with  unmodified  resins. 

The  research  was  carried  out  by  personnel  of  the  Connecticut 
Hard  Rubber  Company  during  the  period  from  15  January  1953 
to  1$  January  1954* 
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INTRODUCTION 


The  technology  of  adhesives  of  ell  types  has  progressed  very 
rapidly  in  recent  year3:  One  of  the  most  striking  advances 

has  been  in  the  metai-to-metal  adhesives.  It.  the  case  of 
the  lighter  metals.-  it  is  now  possible  to  obtain  stronger 
joints  with  adhesives  than  by  any  other  methods.  In  many 
cases,  the  joints  are  as  strong  as  the  metal  itself.  For 
example,  welding  is  not  feasible  for  many  aluminum  alloys 
because  it  reduces  the  strength  of  the  weld  area  from  as 
high  as  75 , 000  psi  down  to  that  of  annealed  aluminum,  about 
5,000  psi.  Riveting  has  several  serious  drawbacks:  high 
labor  cost,  uneven  skin  surface  at  the  rivet  head,  and  very 
pucr  resistance  to  vibration  due  to  stress  concentration 
around  the  rivet  holes. 

It  has  been  possible  to  fabricate  certain  types  of  structures 
such  as  honeycomb  sandwich  constructions  which  would  not 
be  feasible  by  any  ovn.e.-  method.  Some  of  the  part3  such  as 
helicopter  blades,  previously  made  by  riveting,  are  now  made 
entirely  by  means  of  structural  adhesives  with  great  Improve- 
ment in  service  life.  The  average  useful  life  of  such  a 
blade  has  been  increased  from  90  hours  with  rivet3  to  over 
1200  hours  when  adhesives  were  adopted,  because  of  the 
improved  vibration  resistance  in  the  thin  trailing  edge 
of  the  blade.  The  use  of  structural  adhesives  is  spreading. 
Large  sections  of  aircraft,  ouch  as  portions  of  the  wings 
of  the  B-36  bomber,  are  now  being  assembled  by  this  means. 

The  resulting  smoother  skin  surface  considerably  reduces 
drag. 

One  characteristic  of  structural  adhesives  that  is  a handicap 
for  some  applications  is  their  thermoplastic  tendency.  To 
a greeter  or  less  decree,  all  the  structural  adhesives  in 
commercial  use  soften  at  high  temperatures  and  lose  strength. 
Furthermore,  since  nearly  all  are  organic  in  nature,  they 
will  all  undergo  decomposition  at  high  temperatures.  These 
limitations  are  quite  serious  in  the  case  of  the  supersonic 
aircraft  and  guided  missiles  now  going  into  production. 

In  the  new  design  of  helicopters,  the  main  engine  is  a gas- 
turbine  type  located  in  the  fuselage,  whose  exhaust  is  led 
through  the  hollow  blades  to  after-burners  at  their  tips. 

The  blade  temperatures  reach  40Q°F  in  this  case  and  since 
no  suitable  adhesive  is  available  it  became  necessary  to 
go  back  to  riveted  construction. 
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Several  research  and  development  contracts  have  been  aimed 
at  improving  the  high  temperat'aro  psrformance  of  structural 
adhesives.  There  are  two  still  it}  progress.  One  concerns 
the  use  of  epoxide-phenolics;  the  present  one  covers  the 
silicone  polymers.  It  is  felt  that  the  inherent  high 
temperature  stability  of  the  silicones  justified  a major 
effort  in  developing  a satisfactory  adhesive  baaed  on  them. 

The  work  to  date  has  shown  that  adhesives  with  considerable 
strength  can  be  obtained  and  that  the  target  objectives, 
although  not  yet  reached,  are  not  beyond  the  realm  of 
possibility.  Many  types  of  improvements  which  have  suggested 
themselves  in  the  present  work  are  worthy  of  further 
investigation. 
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I.  SUMMARY 


A,  A screening  program  of  all  commercially  available  silicone 
resins  as  potential  structural  adhesive  materials  has 
revealed  that: 

1.  Shear  strengths  averaging  over  2000  psi  at  70° , 

700  to  900  psi  at  300°,  and  400  psi  at  500°F  can 
be  obtained  with  unmodified  resins. 

2.  Of  all  the  resins,  Dow  Corning  2103  has  given  the 
best  shear  test  performance  at  elevated  temperatures, 
with  General  Electric  81397  and  Low  Coming  2106, 

80k,  XR-100  and  XR-544  next  best.  Low  Corning  1360, 
99o,  and  General  Electric  81390  have  given  the 
highest  shear  test  values  at  70°>'«  Many  other  resins 
show  good  shear  strength  (more  than  1200  psi)  at 
70°P. 

3.  Reduced  shear  strengths  at  elevated  temperatures 
are  caused  by  thermoplaoticity  rather  than  by 
decomposition, 

B,  A study  of  certain  silicone -organic  copolymers  has  shown 
that  silicone -alkyds  and  epoxies  produce  strong  aluminum- 
to-aluminum  bonds  at  moderate  temper uture a.  They  have 
the  drawback  of  being  thermoplastic,  the  same  as  the 
pure  silicones  do, 

C,  A study  of  fillers  and  polymerization  catalysts  as 
modifiers  for  silicone  resins  and  copolymers  has  shown 
improvement  in  elevated  temperature  shear  strengths  in 
some  cases,  Tetra  butyl  titanate  and  tetra  isopropyl 
titanate  were  the  most  effective  catalysts.  Aluminum 
dust,  Celite,  Santocei,  and  Titanium  dioxide  fillers 
improved  shear  test  values  in  seme  particular  cases. 

Dr  Evaluations  of  c-^mmercial ly  available  silicone  rubber- 
based  adhesives  have  shown  Dow  Corning*8  Xo719-a  to 
give  the  highest  shear  strength  in  bonding  aluminum  - 
over  700  psi  at  70°  and  20D  psi  at  500°F. 

E,  An  initial  study  of  mixtures  of  silicone  resins  with 
silicone  rubbers  as  structural  adhesives  has  indicated 
that  there  is  little  value  in  such  mixtures, 

P,  Extensive  evaluations  of  primers  and  metal  surface 

treatments  such  as  anodizing  in  preparation  for  bonding 
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with  both  resins  and  rubbers  has  resulted  in  shear 
strengths  about  equal  to  control  samples.  In  some  . 
instances,  Connecticut  Hard  Rubber's  260,  silane  primer, 
and  Dow  Coming's  796,  containing  orthos ilic ate,  were 
beneficial  for  bonding  with  X 6719-A*  In  one  case, 
anodising  aluminum  surface  to  be  bonded  brought  improve- 
ment in  a silicone  resin  bond. 
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II 


OBJECTIVES,  PROGRAM,  and  RECOMMENDATIONS 


A*  Objectives  of  the  Contract 

The  object  of  the  contract  is  to  provide  a structural  adhesive 
for  metal-to-metal  Joints  for  long-time  service  at  elevated 
temperatures,  specifically  for  1200  hours  at  500°*’  (or  higher) 
and  for  shorter  time  service  at  700°F  (or  higher).  The 
adhesive  shall  be  suitable  primarily  for  stainless  steel 
and,  secondly,  aluminum  alloys  and  titanium  alloys.  In  order 
to  obtain  the  requisite  strength,  the  following  requirements 
must  be  met: 

1„  Shear  Strength. 

a*  Room  Temperature  - 2500  p3l  minimum  is  desired. 
However,  a lower  room  temperature  strength  is 
acceptable  if  the  elevated  temperature  target 
is  attained. 

b.  Low  temperature  (-70°C)  - 2500  psi,  however,  the 
low  temperature  strength  may  be  lower  as  specified 
in  (a)  above, 

c.  500°F  continuous  temperature  - 1000  psi  minimum 
when  tested  at  500°P  after  1200  hours  at  500°F. 

d.  500°P  cycling  temperature  - 80&  of  the  strength 

in  (c)  above  when  tested  at  500V  after  100  cycles 
between  500°P  and  room  temperature  (with  200  hours 
cumulative  time  at  500°F)» 

e.  700°P  - 1000  psi  when  tested  at  700°F  Immediately 
upon  reaching  700°i''  from  room  temperature. 

f.  Exposure  to  water  and  salt  spray  - 80£  of  original 
room- temperature  strength  when  tested  at  room 
temperature  after  exposure  to  water  or  to  salt 
spray  for  30  days. 

g.  Exposure  to  chemicals  - 80%  of  original  room-tem- 
perature strength  after  exposure  for  seven  days 
at  room  temperature  to  3thylene  glycol,  to  anti- 
icing fluid,  to  hydraulic  oil  and  to  hydrocarbon 
fluids. 
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2-  Creep  Strength. 

Under  statio  continuous  loading  at  yO  G°F,  a stress  of 
500  psi  shall  be  supported  for  1200  hours  without 
failure  of  the  tensile  lap  joint.  The  adhesive  shall 
not  be  brittle  under  these  conditions, 

3.  Vibration  Resistance. 

The  adhesive  shall  be  particularly  adaptable  for  struc- 
tures subjected  to  alternating  loads.  It  shall  withstand 
an  axial  loaded  tensile  fatigue  test  on  lap  joints  at 
0 to  500  psi  for  at  least  10^  cycles  (3600  per  minute) 
at  a temperature  of  50u°F. 

4.  Method  of  Bonding, 

a.  pressure  - A maximum  pressure  of  50  psi  shall  be 
required  to  establish  the  bond. 

t.  Temperature  of  application  - The  adhesive  shall 
be  suitable  for  application  to  the  metal  at  room 
temperature . 

c.  Time  and  temperature  of  curing  - The  adhesive  shall 
be  capable  of  curing  in  less  than  one  hour  at  a 
temperature  of  350°F  or  le3s  under  pressure. 

d.  After-curing  - After-curing  may  be  used,  although 
it  is  not  preferred, 

e.  Suitability  for  production  - The  methods  of  prepara- 
tion and  use  of  the  adhesive  shall  oil  be  suitable 
for  production  techniques. 

5.  Physical  Composition  of  the  Adhesive. 

a.  Preferred  form, 

(1)  Tape  or  film  (unsupported  or  supported) 

(2)  Liquid  or  solution 

(3)  Hot  melt  or  other  form, 

b.  The  shelf  life  should  . be  at  least  six  months  at 

80°F. 

c.  Pot  life  - four  hours  minimum. 

d.  The  adhesive  shall  preferably  be  a one -part  adhesive, 
but  two  or  more  part  adhesives  are  acceptable. 
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B.  Evaluation  Procedure 


1,  Screening  Teat  Procedure 

Numerous  adhesive  formulations  are  required  to  be  developed 
and  evaluated.  These  cannot  all  be  tested  for  all  the 
desired  properties.  Therefore,  screening  tests  must  be 
adopted  and  the  following  screening  test  procedure  is 
followed: 

a.  Metal  - 0,0614-  inch  -4S-T3  Alclad  aluminum.  Use 
precut  aluminum  panels,  1 inch  by  4 inch  with  £ 
inch  lap  joint, 

b.  Measure  room-temperature  shear  strength, 

c.  Test  shear  strength  after  reaching  $00 °P  from  room 
temperature , 

d.  Test  shear  strength  at  $00°?  after  200  hours*  exposure 
at  500°P. 

2.  Final  Test  Procedure, 

a.  Metal  - 0,036  to  0,040  inch  thick,  18-8  full  hard 
stainless  steel, 

b.  Size  of  panel  - 4 inches  long  by  4 inches  wide. 
Over-lap,  i inch.  Cut  panels  into  strips,  one 
inch  wide,  after  bonding, 

c.  Teats  required: 

(1)  Room- temperature  shear  strength 

(2)  Shear  strength  immediately  after  reaching  500° P 

(3)  Shear  strength  at  500°P  after  200  hours  of 

unstressed  exposure  to  500°P, 

(4)  Shear  strength  at  500°P  after  1200  hours  of 

unstressed  exposure  to  $00°F 

(5)  Salt  3pray  resistance  - retencion  of  shear 

strength  after  30  days*  exposure  at  room 
temperature, 

(6)  Creep  strength  - exposure  to  temperature  of 

.‘j00oP  for  200  hours,  followed  by  static 
leading  at  $00  psi  for  200  hours  at  500°F, 

(7)  The  most  successful  adhesives  under  (6)  above 

shall  be  loaded  for  1200  hours  under  these 
condi  tions,, 
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C*  Recommendations 


The  results  obtained!  to  date  are  sufficiently  promising 
that  it  is  recommended  that: 

1.  The  research  and  development  on  silicone  resin- 
based  materials  for  structural  adhesives  be  continued. 

2,  The  effect  of  structural  variation  in  silicone  reBin 
mole  exiles  on  the  properties  of  the  polymer  be 
thoroughly  Investigated  in  literature  and  laboratory 
in  a program  aimed  at  u tail  or  -making”  a polymer 

for  a high-temperature  service  structxiral  adhesive, 

3 r Extensive  studies  be  made  of  isocyanates,  high- 
temperatxire  phenolies,  epoxies,,  and  alkyds  in 
combination  or  in  copolymers  with  silicone  resin 
for  structural  adhesives, 

4,  Studies  be  made  of  the  value  of  mixing  silicone 
resins  for  structural  adhesives.  Evidence  has 
been  sean  for  possible  advantages  in  such  mixtxires, 

£>*  The  silicone  resin  constituents  of  silicone  molding 
compounds  which  are  not  thermoplastic  at  5>00°P  be 
Investigated, 

6.  Careful  studies  be  made  of  the  effects  of  the  best 
catalysts  and  fillers  (from  the  screening  experi- 
ments reported  at  this  time)  on  the  shear  strength 
of  the  beat  resins,  copolymers,  and  mixtures  from 
(4)  above, 

7.  The  value  of  chelates  in  reducing  thermopla3ticity 
of  the  silicone  resins  be  determined, 

8.  The  evaluation  of  new  produces  such  as  polymers, 
copolymers,  filler,  catalyst  and  metal  surface 
treating  materials  be  concinued  as  they  become 
available, 

9.  As  promising  polymers,  mixtures,  and  compounds  are 
developed  out  of  the  contract  research,  they  be 
subjected  to  aging  tests  at  500°P  and  that  the 
remaining  properties  be  determined  in  accordance 
with  the  contract. 
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III.  literature  survey  and  background  INFORMATION 


A.  Structural  Adhesiv9s  - Presently  in  URe^ 

There  are  many  practical  metal  adhesives  ev;dlabie  at  the 
present  time.  The  first  successful  formulations  for  this 
use  were  the  phenolic -vinyl  copolymers „ These  are  sold 
under  the  nanes  of  Redux  by  Resinous  Products  Chemical  Company 
and  FM-47  by  ftloomlngdale  Rubber  Company,  and  Plycozlte. 
Although  theoretically  a thermosetting  polymer*  the  vinyl 
resin*  which  wa3  used  to  act  as  a built-in  plasticizer  for 
the  phenolic  resin,  caused  the  adhesive  to  be  very  thermo- 
plastic and  have  objectionable  less  in  strength  dbove  165°F. 

The  next  type  of  adhesive  is  the  group  of  phenol ic-n9oprer.= 
copolymers.  These  are  sold  undd r the  trade  name  of  Cycleweld 
by  Chrysler  Corporation,  Metlbond  by  Narmco  Corporation, 

Reanite  by  U„S.  Stoneware  Corporation  and  Flastilock  by  B. 

F.  Goodrich  Corporation.  These  materials  are  considerably 
less  thermoplastic  than  the  former  but  were  deficient  in 
aging  characteristics.  The  next  group  of  phenolic  copolymers 
were  the  phenol ic-Hycar  or  acrylonitrile  rubber  polymers. 

They  were  sold  under  the  trade  names  of  GS-29  by  Naugatuck 
Chemical  Company,  PA-101  by  Bloomingdale  Rubber  Company  and 
Enrup,  Epoxide  resins  developed  by  Ciba  Ltd.  in  Switzerland 
and  sold  under  the  trade  name  of  Araldite  are  also  manufactured 
by  The  Shell  Chemical  Company  and  sold  under  the  trade  name 
of  Epon.  They  are  produced  from  epichlorohydrin  and  bisphenol. 

The  vinyl -phenolics  give  some  of  the  most  successful  structural 
adhesives.  Their  shear  strength.-  although  satisfactory,  is 
not  outstanding,  but  they  are  thoro’jgjily  reliable  in  produc- 
tion and  are  being  used  commercially  in  such  applications 
as  helicopter  blades.  Their  outstanding  drawback  is  their 
lack  of  high-temperature  strength.  The  other  phenolic  modi- 
fications such  as  wi  th  neoprene  and  Hycar  have  certain  draw- 
backs which  have  limited  their  commercial  applicability. 

The  epoxide  adheBives  develop  high  shear  strength  and  retain 
their  strength  up  to  20o°  or  250®F. 

B,  Surface  Preparation  Methods  for  Laboratory  Testing 

The  proper  preparation  of  the  surfaces  for  the  use  with  various 
structural  adhesives  has  been  the  subject  of  intensive  inves- 
tigations by  many  workers.  The  preparation  methods  are  quite 
specific  for  each  metal  and  must  be  followed  rigorously  in 
order  to  obtain  optimum  and  reproducible  results. 
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Ik  Aluminum 


There  are  several  different  procedure  a which  have  been  satis- 
factorily utilized  for  aluminum,  which  include  chromate  treat- 
ment, cam  tic  solution  treatment,  aid  anodizing.  In  all  of 
these  methods,  the  metal  tsst  specimen  is  fir^t  immersed  for 
an  extended  period  of  time,  usually  overnight,  in  a solution 
of  trichloroethylene  at  room  temperature.  This  serves  to 
remove  grsase  and  to  present  a clean  surface  for  the  cnemical 
treatment  which  follows. 

The  chromate  treatment  is  usually  accomplished  by  immersing 
the  specimens  to  be  treated  for  ten  minutes  in  a solution  of 
2531,  sulphuric  acid  containing  by  weight  of  sodium  dichro- 
m&te.  The  solution  is  maintained  at  a temperature  of  150°  to 
160°F. 

Anodizing  consists  of  Ibrming  a thin  layer  of  hard,  corro- 
sion-resistant, non-porous  aluminum  oxide  on  the  surface  of 
the  aluminum.  This  can  be  accomplished  either  el ectrolytically 
or  chemically.  The  electrolytic  method  consists  of  degreaB- 
ing  the  aluminum  surface  as  above,  cleaning  in  a sodium  hydrox- 
ide solution  ( i lb  per  gallon)  for  30  seconds  at  160°K,  fol- 
lowed by  dipping  in  a nitric  scid  solution  of  60Jb  for  30 
seconds  at  room  temperature.  The  metal  is  then  connected  to 
electrical  anodes  and  dipped  in  a 15%  sulphuric  acid  solution 
at  85°^'.  The  voltage  is  slowly  raised  to  lQ  volts  in  a 
period  of  five  minutes  and  then  maintained  at  l8  volts  for 
forty-five  minutes  with  a current  density  of  20  amperes  per 
square  foot.  This  produces  a highly  porous  layer  of  aluminum 
hydroxide  on  the  surface  of  the  uluminum,  which  can  bhen  be 
converted  to  the  aluminum  oxide  lb  rm  oy  dipping  in  a boiling 
water  solution  for  about  30  minutes,  a process  known  as  seal- 
ing. During  the  sealing  operation,  the  aluminum  hydroxide 
film  splits  off  water  to  form  a ti Jitly  adhering  layer  of 
aluminum  oxide  monohydr ate . The  chemical  anodizing  method 
produces  a similar  end  result,  but  the  chemical  techniques 
employed  have  not  been  disclosed  in  detail, 

2.  Stainless  Steel 

Technical  note  WC  TR  53-14®  lists  a number  of  experiments  in 
evaluating  surface  preparation  methods  for  stainless  steel 
for  use  with  epoxide -phs nolle  structural  adhesives.  Although 
the  results  were  not  conclusive,  strengths  as  high  as  150£ 
of  the  strength  on  prepared  aluminum  panels  were  obtained, 
the  most  satisfactory  method  consisted  of  dipping, after 
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degreasing,  into  the  following  solutions,  with  rinse  between 
each  step: 

a.  10%  H2S0^  plus  10%  KC1  at  130°  to  140°F  for  10  minutes. 

b.  A solution  of  6%  K2S0/,,6%  HP,  2.2%  Cr03  heated  from 
room  temperature  to  'l40°F. 

o . $0%  HNO3  one  hour  at  room  temperature. 

Another  method  which  has  been  used  successfully  consists  of 
dipping  in: 

a.  15%  by  weight  HCl  for  five  minutes  at  80°P. 

b,  30%  by  weight  HNO3  for  thirty  minutes  at  80°P. 

3.  Titanium 

Two  different  procedures  were  found  to  be  satisfactory  for 
titanium.  The  first  consisted  of  dipping  for  ten  minutes  in 
10%  aqueous  hydrofluoric  acid  at  room  temperature.  The 
second  method  consisted  of  dipping  in: 

a,  10%  aqueous  HP  for  one  minute  at  room  temperature. 

b.  p0%  HNO3  for  one  half-hour  at  room  temperature. 

Other  procedures,  such  as  anodizing  and  the  use  of  concentrated 
hydrochloric  acid  aid  sulphuric  acid,  were  inferior  to  the 
hydrochloric  acid  treatment, 

C,  Adhesives  Under  Development 

Shell  Development  Company  has  a contract  for  the  investigation 
of  epoxide  adhesives.  Their  optimum  composition  to  date  con- 
sists of  an  epoxide-phenolic  resin  mixture  using  aluminum  dust 
as  a reinforcing  filler.  The  composition  is  as  follows: 

rarts  by  Weight 


Epon  1001  33 
Plyophen  5023  67 
Aluminum  dust  (CF30G  mesh)  100 
Dicyandi amide  6 


This  cured  at  330°F  for  forty-five  minutes  at  a pressure  of 
26  psi. 
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The  other  materials  under  investigation  are  the  silicone 
polymers,  both  r98in  and  rubber,  which  are  the  subject  of 
this  investigation, 

D,  The  Basic  Chemistry  of  Silicone  Polymers 
1.  The  Siloxane  Chain 

The  silicones  are  a unique  class  of  polymeric  materials  which 
contain  both  inorganic  and  organic  substituents  ir*  the  same 
molecule.  The  skeleton  structure  of  the  polymers  is  inorganic 
in  nature  and  consists  of  silicon  atoms  Joined  by  oxygen  atoms: 

i t i 

— Si  — O'*  Si  — 0 « Si  — 0 — 

I « I 

The  organic  portions  of  the  molecule  are  affixed  to  the  resid- 
ual valences  of  the  quadrivalent  silicon  atom: 


R R 

' I f 

M C I ~ n Os* 

ij  i.  ■*  W Urn  \J 

I t 

a a 

Tb«  exceptional  stability  of  the  silicones  to  nne  rmal  and 
oxidative  de composition  is  attributed  to  the  inorganic  skele- 
ton of  the  polymers.  This  skeleton  is  far  more  stable  than 
those  of  the  analogous  organic  polymers, 

2,  History  of  the  Silicone  a 

The  silicones,  despite  their  rather  recent  commercial  debut, 
have  been  known  for  many  years,  F.  S,  hipping,  a celebrated 
English  chemist  published  a voluminous  series  of  papers  on 
the  chemistry  of  silicon  compounds  in  the  period  l890-1937r 
He  coined  the  term  "silicone”  because  of  the  rather  tenuous 
similarity  between  an  organic  ketone  R2-C  = 0 and  the  organic 
silicone  R2-S1  z 0,  Kipping  was  disappointed  because  he  was 
never  able  to  get  nice  clean,  sharply  melting  crystals  like 
those  which  are  customarily  obtained  in  organic  chemistry. 

All  he  could  get  was  various  typos  of  oils  and  amorphous  solid 
powders.  One  of  the  first  chemists  to  realize  the  value  of 
the  silicone  polymers  was  a Russian,  ^ndrianov,  who  did  con- 
siderable work  on  the  silicone  resins.  A l'^rgo  amount  of 
research  work,  foi.cwed  by  pilot  plant  and  production  work, 
on  silicone  resins  was  accompli  she  d in  this  country  just  prior 


a 


i 

a 


WAuC  TR  54-98 


12 


'£•  World  War  II,  The  silicone  rubber  polymers  did  not  appear 
commercially  until  after  the  end  of  World  fcu r II, 

3*  Functionality 

By  strict  definition  there  must  be  two  organic  groups  per 
silicon- oxygen  atom  pair  in  a silicone.  This  is  commonly 
expressed  as  R/Si  5 2.0,  where  R represents  an  organic  group. 
However,  it  is  not  necessary  from  a chemical  standpoint  that 
the  ratio  be  held  to  2,0  and  the  term  "silicons15  has  been 
broadened  to  include  all  the  compounds  of  this  type,  regard- 
less of  the  ratio  of  organic  groups  to  silicon-oxygen  pairs. 

In  the  silicone  system,  it  is  always  necessary  that  the 
polymer  be  built  up  from  a silicon-oxygen  chain: 

R R R R 

- Si  - 0 - Si  ~ 0 - Si  - 0 - Si  - 0 

tilt 

R R R R 

When  both  of  the  groups  represented  by  the  latter  "R"  are 
organic  ones  (n/Si  * 2,0),  then  the  monomer  from  which  it  is 
formed  is  termed  !!di functional" , i.e.  it  has  two  functional 
oxygen  atoms*: 

R 

i 

*0-  Si  - 0*- 

I 

R 

The  monofuntlonal  units  cannot  form  chains  since  a dimer  is 
the  largest  possible  combination  of  two  monofunctional  units. 
Their  principal  purpose  is  to  act  us  "chain  stoppers"  which 
prevent  further  polymerization  from  occurring  at  elevated 
temperature  a. 

Following  is  a difunctioral  chain  stopped  at  both  ends  by 
monofunctional  groups*': 


CH3 

CH-3 

1 J 

Ch-, 
1 J 

CHj 

1 J 

CHo  - Si 

p t 

- 0 - Si  - 0 
1 

- Si  - 0 - 
1 

SI  - CHo 

t ■> 

CH3 

CH3 

CH3 

CH3 
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When  one  of  the  groups  represented  by  the  letter  "R"  is  not 
an  organic  one,  out  rather  an  oxygen 

0* 

i 

*0  - Si  - 0* 

» 

R 

then  R/Si  * 1.0,  and  the  group  is  called  trifunotional^. 

4.  The  Silicone  Rubbers 

The  most  widely  known  commercial  silicone  polymers  are  com- 
prised of  difunctional  units  comoined  in  molecules  of  various 
chain  lengths,  A large  volume  of  literature  has  been  published 
on  these  materials.  By  far,  th3  most  important  difunctional 
units  are  those  which  have  methyl  groups.  When  the  chain 
length  is  relatively  short,  the  materials  are  oil-like  in  their 
physical  characteristics,  and  such  polymers,  properly  "chain- 
stopped",  form  very  stable,  excellent  lubricating  oils  for 
extremely  higji-temper ature  service. 

As  the  chain  length  is  increased,  the  viscosity  of  the  fluids 
increases  proportionately,  aid  when  the  chain  length  has 
reached  about  1000  units,  a rubber— like  material  can  be  made 
from  t ha  polymer.  However,  the  plain  polymer  is  not  rubber- 
like  by  itself,  but  rather  i3  en  extremely  viscous  fluid 
which  flows  slowly  and  conforms  to  the  shape  of  the  container 
at  ordinary  temperatures.  In  order  to  develop  rubber-like 
characteristics,  it  is  necessary  to  add  a reinforcing  filler, 
such  as  finely  divided  silica,  and  a vulcanizing  agent,  such 
as  benzoyl  peroxide.  It  is  thought  that  the  polymer  molecules 
coat  the  larger  filler  particles,  thus  greatly  changing  their 
flow  behavior.  The  vulcanizing  agent  serves  to  oxidize  the 
hydrogen  atom  from  the  methyl  group  of  each  of  two  adjacent 
chains  to  form  an  ethylsnic  Dridge  between  them,  and  by  this 
means  rubber-like  characteristics  of  commercial  utility  can 
be  obtained.  It  should  be  noted  that  the  vulcanization  reac- 
tion does  not  increase  the  chain  length;  the  polymer  chains 
are  full  length  before  curing. 
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CH3 

ch3 

CHo 

1 J 

ch3 

Si  - 

0 - Si  - 

0 - Si  - 

f 

0 - Si 

t 

Cri^ 

CH3 

CH3 

h-C-H 

• 

( from 
benzoyl 
pei  oxide ) 


The  ordinary  commercial  silicone  rubbers  today  are  pure  di- 
methyl silicone  polymers.  In  the  past,  some  polymers  had 
been  offered  which  contained  a certain  proportion  of  trifunc- 
tional  units  which  served  to  cross-link  the  chains  by  means 
of  oxygen  bridgos.  Altnough  the  unvulcanized  polymers  of  thi3 
type  much  more  closely  resemDlad  natural  ruboor,  it  was  found 
that  the  properties  of  the  vulcanized  materials  were  inferior 
to  the  straight  difunctional  polymer,  and  much  poorer  tensile 
strength  stocks  resulted  from  it. 

The  freezing-point  temperature  of  a strictly  difunctional 
polymer  is  approximately  -60',K,  and  this  places  a temperature 
limit  on  the  serviceability  of  the  material.  It  has  been 
fouhd  that  by  substituting  phenyl  groups  in  place  of  methyl 
groups  in  rather  random  fashions  at  intervals  along  the  chain, 
the  symmetry  of  the  structure  is  disturbed  and  steric  hindrance 
results,  which  prevents  adjacent  chains  from  aligning  them- 
selves as  closely  together,  and  thus  reduces  the  crystalliza- 
tion temperature  to  a much  lower  point,  about  -110oI<,, 

5>.  The  Silicone  Resins 

The  literature  on  the  trifunctional  polymers,  known  as  rosins, 
is  much  less  extensive  than  on  the  difunctional.  The  trifunc- 
tional polymers  are  very  different  in  their  physical  proper- 
ties. Since  they  have  three  oxygen  atoms  on  varying  proportions 
of  unlt3,  they  not  only  can  link  up  in  one  plane  as  the  difunc- 
tional units  do,  but  they  can  form  a th"ee -dimensional  net- 
work quite  anulogous  to  tha  thermosetting  resins,  e.g. 
’’Bakelite.’5  A completely  trifunctional  silicone  polymer 
closely  resembles  silica  and  forms  hard,  brittle,  glass-like 
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materials  upon  complete  curing.  In  the  case  of  the  phenyl 
type  trifunctional  polymer,  the  cured  material  is  so  brittle 
that  it  cannot  be  used  commercialxy . In  the  case  of  the  methyl 
type,  it  can  be  used  for  certain  purposos,  but  has  serious 
limitations  because  of  its  extreme  brittleness.  The  ordinary 
commercial  silicone  resins  consist  of  a mixture  of  difunctional 
and  trifunctional  units,  by  this  means,  it  is  possible  to 
incorporate  some  of  the  rubber-like  characterxatics  of  the 
difunctional  materials  with  the  hardness  and  high- temperature 
stability  of  tri  funct  ional  materials. 

The  relative  proportion  of  methyl  to  phenyl  groups  in  the 
silicone  resin  is  another  major  variable,  by  a proper  selec- 
tion of  these  various  constituents,  a vary  wide  selection  of 
polymers  can  be  ODtained,  and  the  rosins  which  are  commercially 
available  range  from  very  flexible,  almost  rubber-like  mater- 
ials, on  the  one  hand,  to  hard,  brittle,  glass-like  on  the 
other,  with  types  of  all  degrees  in  between. 

One  of  the  major  difficulties  of  the  synthesis  of  silicone 
resins  is  that  they  require  both  di functional  and  tri functional 
units  in  more  or  less  orderly  arrangement  along  the  chains  to 
develop  optimum  physical  qualities.  However,  the  trifunctional 
units  are  very  much  more  reactive  than  the  difunctional  and 
consequently  react  with  each  other  in  preference  to  the  leth- 
argic difunctional  units.  They  form  ring  structures  in  this 
manner  and  effectively  remove  themselves  from  reaction  with 
the  difunctional  units.  Tnus,  instead  of  a uniformly  arranged 
mixture,  the  resin  becomes  rather  large  islands  of  hard  resin 
masses  dispersed  in  a soft  thermoplastic  difunctional  rubber- 
like material.  Vvhen  viewed  in  the  aggregate,  the  resins  are 
therefore  not  as  thermosetting  as  they  should  be,  but  soften 
considerably  at  higher  temperatures. 

The  trifunctional  polymers  are  cured  by  a different  mechanism 
than  the  difunctional  rubber-like  polymers.  It  was  shown 
that  the  latter  are  cured  by  the  formulation  of  ethylenic 
linkages  by  oxidation  of  a pair  of  methyl  groups  on  adjacent 
chains.  The  tri  functional  rosin  systems  are  cured  by  a con- 
densation reaction  which  involves  splitting  off  water  between 
a pair  of  hydroxyl  groups.  The  rosin  catalysts  which  are  most 
effective  are  materials  such  as  triethanolamine,  zinc  and  iron 
octoat.es  and  napthenates  etc.  which  are  effective  in  various 
condensation  reactions.  The  ultimate  properties  of  the  cured 
rosin  as  well  as  the  rate  of  curing  are  markedly  influenced 
by  the  catalyst  employed.  In  contrast  to  the  rubbers  which 
are  initially  long  chain,  high-molecular-weight  polymers  which 
only  cross-link  during  curing,  the  resins  are  relatively  low- 
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mo  locular -weight  materials  which  cure  by  a condensation  process 
that  greatly  increases  their  molecular  size. 

In  addition  to  methyl  and  phenyl  siloxane  polymers  which  are 
the  two  classes  most  widely  offered  commercially,  a very 
large  number  of  silicone  polymor-a  containing  other  organic 
groups  have  been  synthesized  in  the  laboratory  and  a few  have 
been  offered  commer- daily,  but  they  have  found  only  very 
limited  acceptance.  A rubber-like  polymer  comprised  of  ethyl 
silicone  can  be  made.  It  has  excellent  ruboer-like  proper- 
ties, but  ha3  the  very  serious  drawback  that  the  ethyl  group 
possesses  greater  high-tampe rature  sensitivity  than  the 
methyl  group.  At  temperatures  above  300°P,  the  polymer  decom- 
poses. Another  polymer  which  has  been  used  for  certain 
specialized  purposes  is  the  vinyl  silicon©.  This  has  beon 
found  to  increase  adhesion  of  silicone  rubber  and  silicone 
resins  to  glass  fabrics,  ' 


E*  Properties  and  Piocessing  of  Silicone  polymers  for 
Structural  adhesives 

A large  amount  of  technical  information  pertaining  to  the 
processing  and  characteristics  of  silicone  polymers  has  been 
gradually  accumulated.  The  information  which  follows,  not 
readily  available  from  basic  chemistry  sources  or  manufacturers1 
data  sheets,  has  been  incorporated  into  the  experimental 
program. 

Particular  attention  has  been  paid  to  methods  of  improving  the 
strength,  high-temperature  stability,  and  adhesion  of  the 
polymers  to  metal  surfaces.  These  deficiencies  in  the 
materials  examined  have  been  the  chief  weak  points  in  experi- 
mental structural  adhesive  bonds.  The  information  covered  in 
the  following  sections  is  pertinent  to  the  improvement  of 
these  properties* 

1.  Composition  of  Polymers 

Most  of  the  silicone  resins  on  the  market  today  fall  within 
the  range  of  the  two  types  of  composition  variables  discussed 
in  the  previous  section.  They  are  differentiated  one  from 
another  in  the  proportions  of  me thyl  and  phenyl  organic  groups 
on  the  one  hand,  and  by  the  R:Si  ratio  on  the  other.  The 
E:Si  ratio  represents  indiroctly  the  proportions  of  difunctional 
and  trifunctional  monomers  present,  and  hence,  the  ultimate 
cross-linking  potential. 
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General  Electric  Company,  Dow  Corning  Corporation  and  Linde 
Air  Products  Comneny  are  the  chief  manufacturers  of  silicone 
polymers  - both  elastomers  and  resins.  Two  major  composition 
variables  are  changed  in  each  commercial  polymer  to  suit  the 
intended  application.  The  numbering  systems  employed  by  the 
manufacturers  arc  often  a direct  key  to  the  properties  of  the 
silicone  resin.  In  the  General  Electric  SR  series  numbering 
system#  in  general#  the  flexibility  ranges  from  the  greatest 
flexibility  In  the  lowest  numbers,  SR-17,28  and  32,  to  the 
least  flexibility  in  the  highest  numbers,  SR-80,  82,  98  and 
02  (taken  as  102  in  the  series).  Similarly,  the  curing  require- 
ments range  from  the  slowest  curing  in  the  lowest  numbered 
resins  to  the  faotest  curing  in  the  highest  numbered  resins. 

This  would  indicate  the  likelihood  that,  in  a general  way, 
the  degree  of  difunctionality  versus  trifunctionality  would 
range  frua  the  least  trifunctional  m the  low-numbered  re3ins 
to  the  most  tnf uncti unal  in  the  high-numbered  resins.  Of 
course,  the  curing  requirements  are  also  affected  by  the 
catalyst  which  ia  included  in  some  of  the  reams.  There  is 
no  direct  connection  between  the  phenyl  content  and  the  number- 
ing system,  but  it  is  known  that  the  specific  gravity  increases 
as  the  phenyl  oontent  increases. 

Dow  Corning  employs  a numbering  system  whereby  each  group  of 
resins,  such  as  the  000  series  or  the  900  series,  is  intended 
for  a certain  end  use  such  as  Donding,  protective  coatings, 
or  as  electrical  insulating  varnishes,  ’within  a scries,  the 
flexibill ty  is  said  to  range  from  the  most  flexible  at  the 
lower  end  to  the  least  flexible  at  the  upper  end  of  the 
serie  s. 

Regarding  the  compositions  of  particular  resins,  both  SR-80 
and  DC-804  are  known  to  be  all-methyl  resin3,  that  is,  all 
the  organic  groups  are  methyl  ones.  It  is  assumed  that  most 
of  the  remaining  resins  contain  a proportion  of  phenyl  groups, 
SR-32  and  SR-17,  resins  with  ^ood  flexibility,  are  Known  to 
contain  phenyl  groups.  SR-80  is  the  most  compatible  of  the 
SR  resins  with  other  silicone  materials  (most  silicone  resins 
are  incompatible  with  silicone  elastomers),  SR-02  is  ths 
most  compatible  of  the  SR  series  with  non-silicone  materials, 
and  is  widely  used  for  blending  with  alkyd  and  melamine  resins 
in  the  manufacture  of  paints  and  enamels. 

In  the  Linde  resin  series,  X-61  has  the  largest  proportion  of 
difunctional  groups,  is  consequently  the  most  flexible  and 
is  also  the  most  h?at.-*s  table , X-62  is  faster  curing  and  al3o 

heat-stable,  X-63  Is  fully  condensed,  containing  only  about 
2%  residual  free  OH  groups,  and  is  said  to  be  similar  to 
SR-32  vh  ich  contains  phenyl  groups.  Linde  also  supplies 
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polyethoxy  silanes  In  ths  X-14  series,  which  are  intermediate 
materials  for  resin  pclymcri zations*  They  are  hydrolyzable 
and  are  used  within  that  company  to  make  salable  resin  pro- 
ducts, They  differ  from  each  other  in  the  proportion  of 
methyl  and  phenyl  groups,  X-14A  is  10C%  phenyl  etnoxy  silane, 
X-14C  is  100%  methyl  and  X-14&  is  50%  methyl,  50%  phenyl 
ethoxy  silane. 

The  difunctional  silicone  polymers  (rubbers)  vary  also  in  the 
methyl  versus  phenyl  content.  General  Electric's  SE-7&  is 
an  all-methyl  polymer  and  is  most  widely  used  for  general 
service  purposes.  SE-51  contains  a percentage  of  phenyl  groups, 
and  is  intended  particularly  for  low-temperature  service, 
which  is  obtained  at  the  slight  expense  of  some  other  physical 
properties.  It  may  be  of  value  in  the  development  of  poten- 
tial structural  adhesives  from  mixtures  of  resin  and  rubber 
because  it  is  inherently  more  compatible  with  resins  contain- 
ing phenyl  groups  than  are  the  ail-methyl  rubbers.  SE-79 
contains  some  trifunctional  groupB  which  provide  oxygen  link- 
ages between  the  chains  in  addition  to  the  regular  ethylenic 
linkages  of  difunctional  rubbers.  It  can  be  considered  to 
be  similar  to  a copolymer  of  resin  and  rubber.  SE-79  is 
polymerized  in  an  acid  medium  (ferric  chloride),  whereas 
SE-51  and  SE-76  are  thought  to  be  produced  in  an  alkaline 
medium., 


2.  Catalysts 


The  catalysts  for  resin  polymerization  aro  ths  type 3 vhich  per- 
mit condensation  reactions.  The  most  widely  used  Is  trieth- 
anolamine, tfiich  is  a very  rapid  catalyst  and  produces  hard, 
brittle  resins.  Various  metallic  salts,  such  as  octoates  and 
naphthenatos  cf  lend,  zinc  and  Iron  are  widely  used.  Cobalt 
and  manganese  salts  are  sometimes  used,  but  they,  like  iron 
salts,  although  efficient,  cause  bad  staining.  The  lead  and 
tin  salts  produce  rapid  gelation  but  have  almost  no  effect 
on  the  final  cure.  They  do  not  reduce  the  high- temperature 
resistance  of  the  cured  polymer.  They  ars  useful  as  auxiliary 
catalysts  with  triethanolamine  to  prevent  the  resin  from 
liquifying  during  the  cure  and  running  out  of  the  glue  line. 
Zinc  salts  are  slow  acting  and  have  the  least  deleterious 
effects  on  the  final  resin.  Iron  salts  produce  great  hardness 
but  reduce  the  ultimate  he  at -stability . 


The  catalyst  used  has  a considerable  effect  on  the  adhesion 
of  the  resin  to  metals  (Section  HI,  E-7). 


Regarding  the  catalysts  in  particular  resins,  it  is  known  that 
DC-2105  contains  a tin  salt  end  that  DC-2104  contains  two 
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catalysts:  lead  2-ethyl  hexoate,  and  dibutyl  tin  diaoetate 
both  dissolved  in  n-outanol. 

Recent  patents  ^ have  pointed  out  the  effectiveness  of  alcohol 
titanatas  as  resin  catalysts*  Tetra-butyl  Oitanate,  in  parti- 
cular, has  been  mentioned. 

3,  Fillers 

A number  of  fillers  have  been  used  successfully  with  the  sili- 
cone resins.  barge  proportions  of  fine  fillers,  such  as  Celite 
and  Santocel  C#  nave  been  used  to  advantage  in  molding  powders 
for  silicone  dielectric  materials  ol  high  heat-resistance. 

Small  qi  Entities  of  these  fillers  are  advantageous  in  overcom- 
ing the  limitations  of  uncompounded  resins.  They  can  improve 
bond  strength  by  increasing  the  tensile  strength  as  much  as 
three  to  five  times,  increasing  the  stiffness,  and  lowering 
the  elongation.  Aerosil  fillers  have  also  been  said  to 
Increase  the  strength  of  resins.  It  has  been  suggested  that 
the  addition  of  Santocel  C or  mica  dust  would  improve  the 
high-temper acure  proportias  of  resins. 

The  addition  of  fillers  to  silicone  elastomers  has  made  use- 
able  rubber  compounds  of  them.  Fillers  can  undoubtedly  Improve 
the  silicone  rubber  bonding  materials.  It  has  been  suggested 
that  the  bond  strength  of  X-6719A  adhesive  and  SE-pl  would 
be  increased  by  the  addition  of  GS-Silica,  the  hydrophobic 
silica  pigment  produced  by  Du.-or.t.  The  addition  of  » small 
amount  of  red  iron  oxide  can  add  100°F  to  the  upper  operating 
temperature  limit  of  the  General  Electric  silicone  elastomers. 
Fine  particles  of  Teflon  and  Alon  used  as  fillers  can  improve 
the  tear  and  cut  growth  resistance  of  elastomers  such  as 
X-6719A  adhesive.  The  type  of  pigment  used  definitely  affects 
the  adhesion  to  metals.  Titanium  dioxide  is  thought  to  pro- 
duce the  best  adhesion; 

k*  Plasticizers 

It  may  become  desirable  to  plasticize  a silicone  resin  struc- 
tural adhesive  to  increase  the  resistance  of  the  bonds  to 
vibration  under  operating  conditions.  Methyl  phenyl  silicone 
fluids  have  been  suggested  for  this  purpose  because  of  their 
relatively  greater  compatiollity  with  the  silicone  resins. 

Such  materials  as  DC-550  and  DC-710,  which  are  chain-stoppeo 
oils  and  ve^y  heat-stable,  mi^ht  bo  advantageous.  Resin  SR-32 
would  probably  be  the  most  compatible  with  these,  and  SR-98 
the  least. 


l/Belgian  patent  Ho.  500,963 

United  States  patent  No,  2,512,058 
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5.  Other  Folymera  and  Copolymers 

The  use  of  vinyl  silicones  as  primers  has  been  suggested 
since  they  have  been  successful  In  increasing  the  adhesion 
of  polyesters  etc.  to  glass  cloth.  The  use  of  ethyl  polymers, 
although  possibly  advantageous  from  an  adhesion  standpoint, 
has  the  definite  limitation  of  inferior  high-temperature  oxi- 
dation resistance. 

Copolymers  of  silicone  resins  with  cyanurates  and  epoxies  show 
theoretical  promise  for  improving  adhesion.  An  evaluation 
of  a new  resin  comprised  of  vinyl  silicone  cross-linked  with 
styrene  has  been  suggested  (Linde  Y-1043  and  1044),  This 
material  is  said  to  have  a minimum  content  of  volatiles,  and 
reportedly  has  good  high- temperature  stebility. 

In  the  case  of  silicone  rubber-resin  copolymers,  some  people 
iu  the  field  would  have  felt  that  inferior  strength  would  be 
obtained,  and  that  the  materials  would  be  cheese-like,  it 
was  suggested  that  physical  blends  of  rubber  and  resin  woulc. 
be  more  promising  than  copolymers. 

6.  Curing 

A general  observation  has  been  made  that  industrial  curing 
cycles  for  resins  are  inadequate,  in  most  cases,  the  resins 
are  cured  only  to  a tack-free  condition.  For  example,  when 
a time  ox*  four  hours  would  be  required  to  produce  optimum 
properties,  frequently  only  30  minutes'  oven  cure  Is  given. 

The  curing  cycles  required  by  silicone  resins  cover  a wide 
range  of  temperature  and  time . In  their  technical  data  sheets. 
General  Electric  recommends  cures  in  the  range  from  300°  to 
500°P  and  mentions  curing  times  anywhere  from  five  minutes  to 
48  hours.  The  longest  curing  cyole  mentioned  is  for  SR-02 
(16  to  48  hours  at  329°  or  6 to  8 hours  at  400°F),  The 
shortest  cure  mentioned  1b  five  minutes  at  392°F  for  SR-80 
when  zinc  octoate  catalyst  has  been  added. 

Dow  Corning  mentions  cures  from  275°  to  480°F.  Recommended 
times  range  from  thirty  minutes  to  sixteen  hours.  In  several 
cases,  stepwise  curin&  cycles  are  recommended.  For  example, 
for  LC*»993»  a flexible  resin,  one  to  three  hours  at  room 
temperature,  plus  two  to  four  hours  at  275°F  plus  four  to 
eight  hour 8 at  480°F  is  suggested. 

General  Electric  has  developed  two  experimental  resins,  81369 
end  81397 » to  overcome  the  objectionably  long  curing  cycles 
usually  required  by  resins.  These  two  cure  very  rapidly  and 
have  excellent  he  at -stab ill  ty  but  have  the  disadvantages  of 
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being  very  brittle,  having  poor  adhesion  to  metal,  and  foam- 
ing during  the  cure. 

7*  Primers  end  Adhesion  to  Metals 

In  a comparative  study  between  silicone  resins  and  alkyd  resins 
as  wire-coating  enamels,  the  silicones  wore  found  to  be  inher- 
ently deficient  in  adhesion.  The  free  film  of  the  alkyd 
resin  had  about  twice  the  tensile  strength  of  the  silicone. 
However,  whan  applied  to  the  wire,  the  alkyd  had  ten  times 
the  flex  life  because  the  adhesion  of  the  alkyd  was  so  much 
better. 

The  catalysts  used  in  curing  nave  a marked  effect  on  f-ne  adhe- 
sion of  the  resin  to  the  metal  surface.  Triethanolamine 
produces  hest  adhesion.  Iron  salts  are  intermediate  and  zinc 
salts  are  the  worst. 

The  presence  of  residual  OH  groups  on  a polyme-r  should  improve 
its  adhesion  to  aluminum  by  hydrogen  bonding.  Ly  this  reason- 
ing SS-79  elastomer,  containing  residual  OH  groups,  should 
improve  the  adhesion  to  met  si. 

A number  of  suggestions  for  improving  adhesion  by  mechanical 
and  other  means  includes  roughening  by  sand  blasting  or 
grinding,  phosphatizing,  anodizing,  and  the  u3e  of  Metlprep 
and  Alumiprep  which  some  people  in  the  field  feel  are  better 
than  chromic  acid  cleaning  to  improve  adhesion.  Ihe  phospha- 
tized  surface  has  the  disadvantage  of  an  upper  operating  tem- 
perature limit  of  flOOuP,  at  which  temperature  crystals  of 
metallic  phosphate  tend  to  pop  off. 

Several  materials  have  been  suggested  as  primers,  Linde's 
GS-1  sizing  emulsion,  which  is  a vinyl  resin  emulsion,  has 
been  suggested  for  use  in  very  dilute  concentrations  - .05% 
to.1%.  The  primed  object  should  be  heated  to  275°C  for  two 
minutes  after  drying  at  room  temperature.  Ethoxy  3ilanes, 
particularly  triethoxy  silanes,  in  very  dilute  solutions  have 
also  boon  suggested  for  use  as  primers.  Thin  coats  of 
epoxy  resins  or  copolymers  of  epoxies  with  sllcones  have  also 
been  suggested  as  primers. 

A method  for  testing  the  surface  cleanliness  of  the  metal  by 
means  of  electrical  conductivity  has  been  proposed  and  might 
prove  to  be  advantageous. 
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IV.  EXPERIMENTAL  VyORK 


A«  Silicons  Elcis rs  as  Experimental  Structural  Adhesives 

Silicone  elastomers  seemed  particularly  attractive  as  potential 
structural  adhesives  at  the  outset  of  this  project  because 
of  their  durability  and  capacity  to  absorb  vibration  and  shock. 
The  initial  phase  of  the  work  with  elastomers  consisted  of 
a screening  of  all  of  the  commercially  available  silicone 
rubber-based  adhesives  in  aluminum- to- aluminum  bonds*  X-6719A, 
the  best  adhesive  from  the  room-temperature  screening,  also 
showed  fairly  good  retention  of  shear  strength  at  elevated 
temperatures*  Furthermore,  X-6/19A  was  found  to  be  more 
satisfactory  as  a structural  adhesive  for  stainless  steel 
than  it  was  for  aluminum.  The  difficulty  of  obtaining  good 
acne sion  between  the  silicone  and  the  metal  was  recognized 
immediately*  Exhaustive  efforts  to  improve  adhesion  followed, 
Polymers  ware  modified  by  chlorination  and  by  the  addition 
of  fillers.  Methods  of  modifying  the  surface  of  the  metal 
wore  evaluated,  including  the  use  of  primers.  Since  the  prob- 
lem of  adhesion  to  the  metal  surface  was  not  solved  satisfac- 
torily, the  investigation  of  elastomers  was  terminated  f or  t he 
time  being  when  it  was  shown  that  3llicone  resins  developed 
higher  bond  strengths, 

I-  Screening  of  Silicone  Elastomeric  Adhesives 
The  compositions  tested  included: 

Dow  Corning  X-6719A  Bonding  Adhesive 

X-6708  " " 

DC -110  " " 

DC-112  ” " 

XC-270  Pressure-Sensitive  Adhesive 

Connecticut  Hard  Rubber  251  Bonding  Adhesive 

259  H n 

General  Electric  SS-15  Bonding  adhesive 

SS-64  n » 

SE-lOu  Elastomer 

CHR-261;  ChIv-259  and  SS -15  ar9  compounds  of  silicone  elastomers, 
silicone  oil,  solvent  thinner  (xylene  or  toluene),  a curing 
agent  such  as  oenzoyl  peroxide,  and  reiru oruing  fillers  such 
as  finely  divided  zinc  oxide  ana  titanium  dioxide.  The  remain- 
ing adhesives  are  thought  to  be  similar,  with  the  exception 
of  XC-270  which  is  believed  to  be  a resin  polymer. 
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Throughout  the  entire  test  program  with  silicone  elastomers# 
aluminum  panels  were  cleaned  by  the  chromic  acid  method  sug- 
gested by  Wright  Field#  and  the  shear  strength  tests  wei-e 
made  by  the  standard  method.  For  each  particular  compound# 
various  cures  were  carried  out  either  by  following  suppliers* 
instructions,  or#  in  the  absence  of  such  instructions#  by 
determining  the  desirable  cure  after  ooserving  the  behavior 
of  the  elastomer  when  heated  and  tested.  The  most  corrmonly 
used  curing  cycle  for  the  elastomers  was  a half-hour  press 
cure  at  2$0 °F#  followed  by  an  oven  cure  at  300°F  for  12  and 
16  hour3.  Most  tests  utilized  a silane  prixner:  either  DC-796 
or  Chrt-260.  The  experimental  data  for  the  screening  of  elas- 
tomeric adhesives  is  found  in  Tables  1 and  3* 

X-6719A  was  most  promising  in  room-temperature  shear  tests# 
with  results  averaging  700  to  800  psi  when  used  undiluted  or 
as  a 50%  solids  solution.  The  best  bonds  observed  for  CHR-251 
and  CER-259  were  308  and  4I5  psi#  respectively  (Panel  Set 
Nob.  26  and  179).  DC-110  and  bC-112  gave  shear  strengths 

averaging  slijhtly  over  400  psi  (Panel  Set  Nos.  325  and  326). 

The  General  Electric  compounds,  SS-64,  SS-15  and  SE-100,  all 
gave  she  1 r strengths  of  between  200  and  300  psi  (Panel  Set 
Noa,  31#  .78  and  324),  A shear  strength  of  only  110  psi  was 

Obtained  with  X-6708  (Panel  Set  No.  24).  The  pressure- 
sensitive  adhesive#  as  expected#  was  not  found  to  be  useful 
as  a structural  adhesive. 

The  main  point  of  failure  of  the  strongest  structural  adhesives 
was  in  adhesion  between  the  elastomer  and  the  metal  surface. 

In  contrast,  it  is  of  interest  to  note  that  DC-110,  i/C-112 
and  SS-64  failed  100%  cohesively#  which  may  mean  that  they 
adhere  better  to  aluminum  than  does  X-6719A. 

Bonds  of  X-6719A,  prepared  at  the  Connecticut  Hard  Rubber 
Company,  wore  shear-tested  at  Wright  Air  Development  Center 
at  500°F.  (Table  20).  A maximum  shear  strength  of  275  psi# 
with  an  average  of  200  psi#  was  found  at  that  temperature. 

A series  of  tests  was  made#  using  X-6719A  to  check  the  adhe- 
sion of  silicone  elastomers  to  steel  rather  than  to  aluminum. 

The  steel  panels  ware  cleaned#  using  Cleaning  Method  C-5* 
and  primed  with  a 10%  solution  of  CHR-260*  the  X-6719-,  wss 
applied,  and  the  panels  were  set  up  in  the  jig.  The  adhesive 
was  given  a cure  of  12  hours  at  300°F#  and  the  panels  were 
tested  ct  70°F*  An  average  shear  strength  of  865  psi  was 
thus  obtained  with  stainless  steel  test  panels  (Table  2, 

Panel  Set  Nos.  3.15  snd  116)*  This  average  is  about  100  psi 
greater  than  the  average  strength  of  aluminum-to-aluminum  joints 
made  with  the  same  adhesive. 
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Shear  tests  tore  made  on  stainless  steel  panels  bonded  with 
X-6?19A  at  certain  elevated  temperatures,  387“  and  5'- 7°F, 
by  the  following  method  (prior  to  receiving  the  small, 
axially  hinged  electric  furnace,,  later  used).  Panels  were 
heated,  after  insertion  in  the  tester  Jaws,  by  means  of  a 
hot-air  gun  which  could  develop  a 650® P air-temperature  at 
the  nozzle.  The  bond  area  of  the  panel  to  be  tested  wae- 
heated  directly  by  the  air  blast.  The  temperatures  were 
measured,  and  the  thermocouples  were  clamped  to  the  panel  at 
the  bond  area,  both  on  the  heated  sid6  (front)  and  the  side 
away  from  the  hot-air  blast  (back).  The  panel  was  heated  to 
maximum  temperature  and  held  at  that  temperature  for  one  min- 
ute oefore  being  tested.  It  is  seen  in  Table  2 that  this 
particular  set  of  silicone  oonds  retained  57%  of  room-tempera- 
ture  strength  at  387°^  and  64.%  at  527°F  when  tested  by  the 
use  of  this  method. 

2.  Modifying  Silicone  Elastomeric  Adhesives 

In  order  to  subs  i;  anti  ate  the  theory  that  better  adhesion  of 
elastomers  to  metal  could  r>e  attained  by  the  use  of  highly 
polar  groups  on  the  elastomer,  samples  of  chlorinated  silicone 
gums  were  tested.  The  initial  results  did  indeed  show  a 
greater  adherence  of  silicone  elastomer  to  aluminum,  but  bonds 
of  very  low  strength  were  obtained  (Table  1),  Mixtures  of 
chlorinated  silicone  gum  and  X-6?19a  were  prepared  in  different 
percentages  and  were  tested  both  in  conjunct!  on  with  primer 
(Priming  Method  P-4)  and  without.  Better-  results  were  attained 
without  the  use  of  primer,  however,  while  bonds  showing  100% 
cohesive  rather  than  adhesive  failure  were  obtained,  the  bond 
shear  strengths  were  in  the  range  of  285  to  300  psi,  which  is 
considerably  lower  than  the  original  results  obtained  using 
X-6719A. 

Fillers  such  as  GS-Silica,  Santocal-C  and  Aerosil  silica  were 
blended  with  X-6719A  in  an  attempt  to  reinforce  the  bonds, 
but  in  every  case  the  bond  failure  was  100%  adhesive  and  the 
shear  strength  was  lower  than  that  with  pure  X-6719A  (Table  1). 
Priming  method  P-1  was  used.  The  cures  for  these  blends  ran 
from  lo  to  24  hours  at  temperatures  from  300°  to  400°P.  In 
no  case  was  a shear  strength  of  over  300  psi  notsd;  however, 
while  in  seme  cases  it  ran  as  low  as  10  psi. 

3 • The  Effect  of  Primers  on  Adhesion 

After  the  original  Investigation  of  commercial  me tal -to-met ai 
adhesives  and  the  subsequent  realization  that  the  main  prob- 
lem was  one  of  forming  a satisfactory  adhesive -to -me tal  bond, 
the  use  of  primers  was  thoroughly  investigated.  It  had  been 
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hoped  that  various  priming  agsr.ts  used  as  an  interface  between 
the  silicone  and  the  metal  would  improve  adhest  on  by  bonding 
to  the  metal  and  in  turn  presenting  a surface  oiare  similar 
chemically  to  the  silicone  structure*  A number  of  such  chemi- 
cals were  available  and  it  was  therefore  of  interest  to 
evaluate  them  as  priming  agents*  These  included  crthosilicatea 
(in  Dow  Coming  796) / disilanes  (in  ChR-260,  used  in  Criming 
Methods  P-1  to  P-8)/  sodium  silicate*  sodium  methyl  siliconate, 
ailicoh  tetrachloride/  titanium  tetrachloride,  m.etnyl-trichloro- 
silane  and  dimethyl  diohlorosilane  * 

An  examination  of  Table 3 will  reveal  that  the  use  of  primed 
surfaces  for  bonding  with  silicone  elastomeric  adhesives  has 
been  extensively  tested*  X-6719A  adhesive  was  used  through 
the  better  part  of  the  test  pmgrara,  and  cleaning  methods, 
primers  and  methods  of  priming,  end  time  and  type  of  curing 
were  varied. 

Dow  Coining  DC-796  primer  compound  and  CHR-260  priming  compound 
behaved  equally  well  and,  in  general,  were  superior  to  other 
priming  compounds.  The  highest  shear  strength  obtained  with 
a primed  surface  was  102$  psi  (Panel  Set  No  60B),  CHR-260 

disilane  primer  was  used.  While  the  use  of  methyltrichloro- 
silane  as  a primer  with  this  adhesive  system  gave  a good  bond 
strength  (850  psi)  on  t-anel  Set  #183,  the  bond  failure  here 
was  IOC#  adhesive; 

Sodium  silicate  and  sodium  methyl  siliconate  react  with  the 
aluminum  motel  surface  in  much  the  same  manner  as  aluminum 
hydroxide,  liberating  hydrogen  and  forming  a complex  aluminum 
silicate  or  aluminum  siliconate,  The  use  of  sodium  methyl 
siliconate  was  of  particular  interest  because  in  reacting  with 
the  aluminum  surface  it  would  be  expected  to  produce  a sur- 
face structure  similar  to  that  of  the  silicone  adhesive. 

However,  these  materials  did  not  produce  good  priming  surfaces. 
Apparently  they  do  not  form  a coherent  layer  on  the  aluminum, 
although  they  do  react  chemically  with  the  surfaoe.  This  ie 
understandable  because  the  hydrogen  liberated  during  the 
reaction  may  well  prevent  the  formation  of  an  adherent  film. 

Some  additional  experiments  were  carried  out  with  sodium 
methyl  siliconate/  using  a solution  containing  a hydrogen- 
accepting  agent  of  the  type  used  in  plating  solutions,  but 
an  adherent  film  did  not  form  on  the  aluminum  even  under  these 
conditions. 

It  was  found  that  adhesion  could  be  increased  somewhat  by  the 
widely  used  method  of  applying  thin,  dilute  coatings  of  the 
adhesive  (X-6719A)  to  the  metal  surface  and  partially  curing 
prior  to  application  of  the  undiluted  adhesive.  The  system 
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is  similar  to  that  used  in  present  structural  adhesives  of 
the  metal-bond  type.  Ths  optimum  procedure  consisted  in 
using  one  layer  of  10%  X-6719A,  cured  10  minutes  at  300°P 
as  a priming  coat.  In  Panel  Set  Nos.  163  and  161;*  shear 
strengths  of  800  and  850  psi  were  attained  with  and  without 
initial  priming  with  CHR-26C.  Bond  failure  in  both  cases  was 
70%  adhesive,  30%  cohesive.  Further  experiments,  using  mul- 
tiple priming  layers  of  dilute  adhesive  and  curing  the  priming 
layer  for  longer  periods  did  not  improve  the  adhesion.  These 
procedures,  in  fact,  reduced  the  strength  of  the  bonds. 

Experience  has  shown  that  ths  silicone  resins  possess  far 
better  adhesion  to  ths  metal  than  do  the  rubbery  adhesives. 

It  was  therefore  thought  that  a thin  layer  of  resin  on  the 
metal,  previous  to  bonding  with  X-6719A,  might  greatly 
enhance  adhesion.  The  resin  primer  layer  might  bond  to  the 
rubber  by  vulcanization  through  adjacent  methyl  groups  of  the 
resin  and  rubber,  promoted  by  vulcanizing  agent  thought  to  be 
present  in  X-6719A.  Three  resins  which  had  given  strong  bonds 
in  shear  tests  were  selected  for  trial  as  primers:  SR-32, 

DC-996,  and  LC-994.  Ten  percent  solutions  of  these  rasinB 
in  xylene  were  painted  on  aluminum  panels  which  were  then 
subjected  to  elevated  temperatures  far  two  hours  to  evaporate 
the  solvent  and  partially  cure  the  resin  prior  to  the  appli- 
cation of  X-6719A  adhesive.  Samples  were  then  cured  in 
accordance  with  the  method  used  for  X-6?19A,  Three  sets  of 
control  samples  without  resin  primer  layers  were  run  simultan- 
eously. Experimental  conditions  and  the  results  of  this  in- 
vestigation are  shown  in  Table  3*  panel  Set  Nos.  298  to  306. 

In  each  case  the  presence  of  resin  primer  layer  considerably 
decreased  the  shear  strength  in  comparison  wi  tb  the  control 
sample.  The  poor  results  can  perhaps  be  explained  on  the 
basis  of  incompatibility  and  chemical  dissimilarity  which 
exists  between  silicone  resins  and  silicone  rubbers.  The 
silicone  resins  ordinarily  react  by  condensation  through  OH 
groups,  whereas  silicone  rubbers  react  by  vulcanization  through 
adjacent  methyl  groups,  While  it  would  be  considered  highly 
desirable  to  make  full  use  of  the  excellent  properties  of 
shook-  and  -vibration-resistance  of  the  silicone  rubbers,  it 
is  felt  at  this  time  that  the  silicone  rubbers  do  not  possess 
the  necessary  Internal  stability  to  maintain  a satisfactory 
bond  at  high  temperatures. 

4.  The  Effect  on  Adhesion  of  Anodizing  the  Aluminum  Surface 

In  considering  other  means  by  vhich  silicones  could  be  made 
to  adhere  to  aluminum  surfaces,  the  possible  use  of  the  method 
by  which  aluminum  i3  dyed  was  of  interest..  During  the  anodi- 
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Bing  of  aluminum,  a highly  poroua  and  absorptive  layer  cf 
aluminum  hydroxide  is  built  up  on  the  surface*  To  produce 
a hard,  corrosion-resistant  film,  the  anodized  aluminum  is 
sealed  by  treating  with  boiling  water  for  about  30  minutes. 
During  this  sealing  operation-,  the  aluminum  hydroxide  film 
loses  water  to  form  a tightly  adhering  film  of  aluminum  oxide 
monohydrate.  Aluminum  oxide  ia  one  of  the  hardest  and  most 
stable  materials  known.  The  anodizing  and  sealing  process 
produces  a hard,  corrosion-resistant,  mar-resistant  surface 
on  the  relatively  soft  aluminum  metal.  To  color  aluminum, 
as  is  done  with  aluminum  tumblers  and  plates,  an  organic  dye 
is  absorbed  from  aqueous  solution  into  the  porous  aluminum 
hydroxide  film  before  the  scaling  operation  is  carried  out* 

The  dye  becomes  sealed  into  the  aluminum  hydroxide  coating 
during  the  sealing  operation,  and  the  net  result  is  a strongly 
bonded  dye  coating* 

It  was  thought  that  sd.  licone  materials  could  be  sealed  into 
the  porous  aluminum  hydroxide  surface  in  a similar  manner  to 
form  a tightly  bonded  surface  chemically  similar  to  the  sili- 
cone polymers  being  used  as  adhesives. 

Aluminum  panels  were  obtained  which  had  been  anodized  by  two 
different  methods:  electrical  and  chemical.  These  methods 
are  described  in  more  detail  in  Section  V.  An  experimental 
program  was  carried  out  to  evaluate  potential  silicone  seal- 
ing agents  and  methods  for  bonding  with  X-6719A.  The  materials 
investigated  included  primarily  low -molecular -weight  silicone 
oils  such  as  General  Electric  81119  and  81392;  heavier  sili- 
cone oil  such  as  Gt  SF-9&;  silicone  emulsions  such  as  0® 

SM-fei  and  Linae  GS-1;  "dimethyl  tetr&mer"  ( oc tame thy lcylotetra- 
alloxane);  diphenyl  silanediol,  and  methyl trichlorosllane . 

The  experimental  technique  usually  involved  immersion  for 
10  minutes  in  the  hot  (2J>0°F)  silicone  material.  In  some 
techniques,  the  immersion  in  silicone  was  at  room  temperature, 
followed  by  sealing  in  boiling  water  for  30  minutes,  as  m the 
dye-eealing  process.  The  experimental  data  and  shear  test 
results  are  presented  in  Table 

The  moat  satisfactory  adhesion  with  a silicone  oil  sealant 
was  obtained  with  the  use  of  GE  81119  oil  on  electrically 
anodized  panels  (f^nel  Set  No.  15>1 ) . 

Panels,  chemically  anodized,  were  sealed  with  silicone  oil 
by  immersion  for  10  minutes  in  hot,  low-mole cular- weight 
polydimethyl  siloxane.  Although  this  sealing  took  place  in 
a non-aaueous  medium,  there  was  evidence  that  the  aluminum 
hydroxide  was  undergoing  the  dehydration  of  the  sealing 
operation,  by  virtue  of  the  evolution  of  bubbles  of  water 
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vapor.  Shear  strengths  of  4^5  &hd  490  psi  were  recorded# 
which,  for  all  practical  purposes,  were  identical  to  the 
control  (470  psi). 

Since  absorption  by  a molecular  film  is  concerned  here,  it 
was  felt  that  the  silicone  oils  represented  too  large  a 
molecular  size  for  proper  absorption  into  the  aluminum  hydrox- 
ide film,  and  therefore  a smaller  silicone  molecule  of  the 
same  family  was  tested.  The  cyclic  octamethyltetrasiloxane , 
known  also  as  dimethyl  tetramer,  was  chosen  and  tested,  using 
electrically  anodized  aluminum  panels  with  X-6719A  as  the 
bonding  agent.  Shear  strengths  of  the  bond  were  found  to 
be  570  psi.  This  figure  was  raised  to  725  psi  when  catalyzed 
tetramer  was  used  and  heat-treated  to  polymerize  it  on  the 
surface,  prior  to  application  of  X-6719A  adhesive,  however, 
the  bond  failure  was  10C#>  adhesive,  and  no  evidence  of  increased 
adhesion  was  noted  with  the  surface  treatment. 

Further  experiments  were  carried  out  in  attempts  to  3eal  sili- 
cone oils  und  resins  to  the  aluminum  hydroxide  film  from 
aqueous  emulsions  (Table  4).  Separation  of  the  emulsions  dur- 
ing heating  and  low  bond  strengths  were  evidence  of  the  dubious 
merits  of  this  procedure. 

A series  of  tests  were  conducted  using  CHR-260,  methyltri- 
chloroailane , dime  thyldichlorosilune  and  diptienylsilanediol 
a s sealants  on  th3  anodized  aluminum.  The  CHR-260  and  the 
diphenyl  si  lanediol  were  applied  in  solution  and  dried  through 
solvent  evaporation.  The  me thyltri chi oro3i lane  and  dimethyl- 
dichlorcsilans  were  applied  to  the  panel  by  dipping  and  then 
immersing  in  water  to  hydroiyze  the  chlorine  groups.  Vvhile 
these  primers  did  cause  a decrease  in  the  percentage  of  adhe- 
sive failure,  the  bond  strengths  were  lower  than  the  original 
control  (Table  4). 

These  experiments  indicate  that  the  aluminum  hydroxide  surface 
produced  by  anodization  does  not  prov3  to  be  a better  bonding 
surface  than  that  formed  by  the  chromic  acid  method. 


B.  Evaluation  of  Silicone  Resins  and  Silicone-Organic 
Ccpciyme rs 

1.  Experimental  Curs  Studies  on  Silicone  Reszn 

The  polymerization  of  the  resins  proceeds  through  a condensa- 
tion reaction  which  produces  water  as  a by-product;  and, 
because  of  the  irregular  manner  in  which  linkages  are  formed, 
polymerization  is  not  completed  in  the  first  stage.  A period 
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of  exposure  to  hi$i  heats,  preferably  In  the  absence  of  sol- 
vent, is  necessary  to  complete  the  polymerization.  This 
last  operation  is  called  the  curing.  The  period  of  curing 
differs  for  various  resins,  and  the  suppliers  generally  indi- 
cate optimum  cure  times  in  their  technical  information. 

The  resins  are  being  used  under  this  contract,  however,  for 
purposes  other  than  those  intended  by  the  manufacturers.  It 
was  discovered  in  early  experiments  that  one  of  the  chief 
faults  in  the  processing  of  silicone  reams  is  insufficient 
curing.  Many  such  resins  go  through  a brittle  stage  during 
the  curing  before  reaching  the  ultimata  flexibility  necessary 
in  structural  adhesives. 

A survey  of  the  manufacturers ’ literature  revealed  that  the 
curing  requirements  of  silicone  resins  cover  a wide  range  of 
time  and  temperature;  many  of  the  resins  require  cures  at 
4'30<V  and  many  of  them  require  cures  for  long  periods  of  time 
in  order  to  develop  optimum  properties.  It  was  deemed  neces- 
sary to  de termite  the  optimum  cure  time  and  temperature 
necessary  to  develop  the  strength,  firmneBB  and  flexibility 
desirable  m a structural  adhesive  bond. 

Two  experiments  were  carried  out  (Tables  5 and  6),  the  first 
covering  short  cures  at  temperatures  of  300°  to  450°F,  the 
second  long  cures  at  480°F  to  obtain  information  as  to  which 
resins  would  be  sufficiently  flexible  for  structural  adhesives 
and  what  cure  times  and  temperatures  would  be  necessary  to 
develop  strength. 

Examination  of  the  cured  resin  samples  showed  that  the  silicone 
resins,  when  cured  adequately,  possess  properties  desired  in 
high-tempe rature  structural  adhesive  materials.  Three  primary 
requirements  of  potential  structural  adhesives  are  high 
strength,  flexibility,  and  resistance  to  high  temperatures. 

The  resins  vdilch  show  hi^h  strength  and  also  satisfactory 
flexibility  after  the  various  cure  cycles  are  SR-1?,  SR-28, 
SR-32,  GE-81390,  G£ -81397,  LC-935,  DC-993,  DC-994,  DC-996, 

X-61,  Y-1043  and  Y-1044. 

Several  observations  were  made  regarding  the  curing  require- 
ments and  properties  of  the  various  resins,  wide  latitude 
in  the  necessary  curing  timee  was  noted.  Several  of  the 
resins  are  very  fast-curing.  They  appeared  to  have  reached 
their  optimum  cure  after  only  one  hour  at  300°F.  These 
include  SR-80,  CE-81369,  DC -2103,  and  XR-261  and  Linde  X-14C. 
They  have  the  disadvantage,  however,  of  being  very  hard  and 
brittle,  a characteristic  which  presumably  would  reduce  the 
vibration-resistance  of  a structural  adhesive.  The  resins 
requiring  the  longest  cures  are  the  low-numbered  GE  resins. 
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SR-17>  SR-20,  and  SR-32,  and  the  Dow  Corning  900  aeries, 
particularly  935  and  996.  Experimental  observations  verified 
the  fact  that  the  low -numbered  General  Electric  resins,  SR-26, 
and  SR-32, are  definitely  flexible,  whereas  the  higher  numbered 
ones,  SR-53,  SR-61,  SR-oO  and  SR-82,  become  increasingly  leas 
flexible , 

The  experimental  cure  study  of  the  oopolymers  reported  in 
Table  7 was  conducted  in  a manner  similar  to  that  carried 
out  with  the  unmodified  silicones.  Most  of  the  copolymers 
appeared  to  be  cured  after  only  two  hours  at  480°F.  The 
exceptions  were  one  silicone -alky d and  the  s li icone -epoxy, 
which  were  cured  after  four  hours.  One  material,  clear  sili- 
cone 160-25-D,  remained  semifluid  and  very  tacky  even  after 
36  hours  at  4Q0°^« 

Observations  made  at  room  temperature  after  six  hours  at 
Li-80°t*‘  showed  two  of  the  copolymers,  Silicone -alkyd  Oil 
Modified  160-30-D  and  Silicone -Epoxy  X-2720,  resins  which 
had  high  shear  strengths,  to  be  somewhat  flexible  after  cur- 
ing. while  this  property  would  probably  contribute  to  good 
vibration  - resistance  in  a structural  adhesive,  harder,  more 
brittle  materials  would  not  necessarily  be  unacceptable.  Three 
other  silicons -alkyds,  X-2608,  RS-556  and  RS-513*  tdiich  had 
high  shear  strengths,  were  found  to  be  hard  and  brittle  after 
curing.  The  silicone -phenolic  and  a modified  silicone  of 
lower  shear  strength  ware  found  to  have  good  flexibility. 

It  was  observed  that  titese  copolymers  ware  soft  at  480°F,  as 
were  the  unmodified  silicone  resins.  It  was  therefore  antici- 
pated that  the  addition  of  suitable  fillers  or  catalysts 
would  bo  required  to  improve  the  high-temperature  shear 
strength.  A part  of  this  program  has  been  carried  out  and 
is  discussed  in  Part  D. 

2,  Screening  of  Silicone  Resins 

All  commercially  available  silicone  resins  were  tested  for 
their  shear  strengths  in  structural  adhesive  bonds.  Many 
silicone  resins  were  obtained  from  Dow  Corning  Corporation, 
General  Electric  Company  and  Linde  Air  Products  Company. 

In  addition,  silicone -styrene  copolymers  were  obtained  from 
Linde  Air  Products  Company.  Silicone-epoxy,  silicone-alkyd 
and  sill  cone -phenolic  copolymers  were  received  from  Midland 
Ind’wt trial  Finishes  Company.  Such  copolymers  have  been 
reported  to  adhere  better  to  metal  then  do  pure  silicones. 

In  the  earliest  work  with  the  resins,  short-time  or  low- 
temperature  curing  cycles  were  used.  The  experimental  details 


WADC  TR  .54-98 


31 


and  room -temperature  shear  test  results  are  reported  in  Panel 
Sets  numbered  below  25 Q in  Table  8. 

Shear  strengths  of  over  900  psi  ware  obtained  with  two  hour 
cures  at  500°F  (SR-32  and  DC-993  resins).  A maximum  shear 
strength  of  685  psi  was  achieved  with  a 16-hour  oven  euro 
at  300°F  (DC-803  resin).  A maximum  strength  of  308  psi  was 
obtained  (DC-802  resin)  in  bonds  cured  in  a press  for  one 
hour  at  3oO°F  without  a post -mold  cure. 

A good  standard  bonding  technique  was  subsequently  developed 
through  experimentation.  The  resin  was  painted  on  the  panels 
from  a solvent  solution.  The  panels  were  held  at  150°F  for 
about  li  hours  to  evaporate  the  solvent.  The  resin  on  the 
separate  panels  was  then  partially  cured  for  J or  1 hour  at 
300°F  to  prevent  it  from  running  out  of  the  glue  line  during 
curing.  The  bonded  samples  were  held  in  the  press  at  contact 
pressure  at  300°F  for  £ hour  to  ’'join”  the  panels.  Additional 
pressure  tended  only  to  force  tha  resin  out  of  the  glue  line. 

A new  re sin-a valuation  program  through  room- temperature  shear 
tests  was  set  up,  utilizing  the  new  techniques.  As  a result 
of  the  cure  studies  reported  aDove,  a standard  cure  of  16 
hours  at  480°F  was  selected  so  as  to  be  certain  to  cover  the 
cure  requirements  of  even  the  slowast  resins.  The  shear 
strength  values  improved  greatly  with  the  use  of  the  new 
techniques. 

The  results  of  the  evaluation  are  reported  in  Table  8 (panel 
sets  numbered  above  250)  for  the  commercial  silicone  resins 
and  in  Table  9 for  tha  silicone-alkyd,  s Hi  cone -phenol  ic . 
silicone -epoxy  and  si  li  cone -styrene  copolymers.  DC-996 
resin  had  an  average  shear  strength  of  over  1900  psi  as 
compared  to  50*  obtained  with  tne  previous  techniques.  Many 
resins  showed  bond  strengths  over  1300  psi. 

Two  silicone-alkyds  and  a silicone -epoxy  (Fane'.  Set  Nos,  338# 
347  and  348,  Table  9)  showed  average  shear  strengths  of  nearly 
1600  psi.  Other  silicone-aikyds  and  the  vinyl  sill cone -styrene 
copolymers  also  gave  very  good  bond  strength,  over  1400  psi. 

The  silicone-phenolic  copolymer  and  two  of  the  modified  sili- 
cones ware  not  quite  as  satisfactory,  with  bond  strengths 
under  800  psi,  Vnhile  these  bond  strengths  are  not  markedly 
better  than  those  obtained  with  unmodified  silicone  resins, 
they  are  equally  goo^  and  certainly  warrant  a thorough 
investigation. 
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a point  which  may  well  be  brought  up  at  this  time  although 
it  is  more  thoroughly  discussed  elsewhere  in  this  report* 
is  the  fact  that  the  bond  shear  strength  given  is  actually 
the  shear  strength  of  the  resin- to-me  tal  bond.  Since  most 
of  the  experimental  bond  failures  wex’e  adhesive,  there  is  no 
way  of  knowing  what  the  ultimate  she  ar  strength  of  the  resins 
Itself  is  until  10 0%  cohesive  failure  is  obtained. 

3<  High-Temperature  Shear  Testa  on  Silicons  Resins 

An  experiment  was  carried  out  to  determine  the  relationship 
of  shear  strength  to  temperature  of  test  for  LC-996  resin, 
the  best  bonding  material  at  that  time.  The  test  panels 
wew  given  the  standard  cure,  and  sh9  ar  strengths  were  deter- 
mined at  room  temperature,  100°,  125°,  150°,  175°*  200°, and 
2p0oF.  The  shear  strengths  and  heat-c onditioni  ,g  data  are 
recorded  in  Table  11,  and  a curve  has  been  plotted  of  psi 
shear  strength  versus  temperature  (Figure  1),  It  can  be  seen 
from  the  graph  that  shear  strength  fails  rapidly  up  to  200°P, 
and  then  levels  off  at  about  100  psi  for  this  particular  resin. 

To  determine  the  potential  effectiveness  of  the  silicone  resins 
as  structural  adhesives  for  high-tempe  raturs  service,  a final 
screening  program  was  carried  out.  All  of  the  conmercially 
available  resins  were  used  to  prepare  structural  adhesive 
bonds  of  aluminum  to  aluminum,  using  the  new  techniques  and 
480°F  cures.  In  most  cas.s,  four  bonds  of  a resin  were  pre- 
pared and  cured  simultaneously.  Two  were  shear-t6sted  at 
70°,  one  at  300°  and  one  at  500°F. 

The  survey  shows  (Table  10)  that  many  of  the  resins  perform 
considerably  better  at  high  temperatures  than  did  LC-996. 

A term  was  coined  to  describe  the  effect  of  high  temperature 
on  shear  strength  of  the  resin  bonds.  ’’Thermal  efficiency" 
refers  to  the  percent  of  the  room-tempe rature  strength  which 
a resin  has  at  high  temperature.  A resin  with  a moderate 
shear  strength  which  retains  a high  percentage  of  its  strength 
at  300°  and  500°P  is  considered  definitely  more  promising 
than  one  with  very  high  initial  shear  strength  viiich  loae3 
most  of  its  strength  at  h i$i  temperature.  The  resins  with 
"thermal  efficiencies"  of  at  least  60%  at  300°  .end  35%  at  500°F 
are:  GE-81397*  SR-82,  LC-4O-C,  LC-804>  DC-2103,  DC-2104,  DC- 
2105,  DC-2106,  XR-100  and  XR-544. 

The  effect  of  test  temperature  on  the  shear  strength  of  each 
resin  was  plotted.  The  curves  for  all  of  the  Dow  Corning 
resins  are  shown  in  Figures  3 through  8,  those  for  General 
Electric  resins  are  shown  in  Figures  9 and  10,  and  those  for 
Linde  resins  may  be  found  in  Figure  11. 


WADC  TR  $4-98 


33 


SHEAR  STRENGTH,  P.S.I. 


FIG.  I THE  EFFECT  OF  TEMPERATURE  ON 
THE  SHEAR  STRENGTH  OF  DC-996 
SILICONE  RESIN. 
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TEST  TEMP.  *F. 

FIG.  2 

SHEAR  STRENGTH  VS.  TEMPERATURE 
OF  SILICONE  RESINS  SHOWING  MIN. 
THERMOPLASTICITY. 
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FIG.  4 SHEAR  STRENGTH  VS.  TEMPERATURE 
OF  SILICONE  RESINS  [DOW  CORNING 
ELECTRICAL  INSULATING  VARNISHES]. 
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FIG.  5 SHEAR  STRENGTH  VS.  TEMPERATURE 
OF  SiUCONE  RESINS  [DOW  CORNING 
PROTECTIVE  COATINGS]. 
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FIG.  6 SHEAR  STRENGTH  VS.  TEMPERATURE 
OF  SILICONE  RESINS  [DOW  CORNING 
WIRE  INSULATING  VARNISHES]. 
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FIG.  7 SHEAR  STRENGTH  VS  TEMPERATURE 
OF  SILICONE  RESINS  TDOW  CORNING 
WIRE  ENAMEL]. 
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FIG. 8 SHEAR  STRENGTH  VS.  TEMPERATURE 
OF  SILICONE  RESINS  [DOW  CORNING 
EXPERIMENTAL  RESINS]. 
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While  the  curves  show  the  weakening  of  bonds  due  to  thermo- 
plasticity, they  also  show  very  clearly  which  of  the  resins 
possess  inherently  the  internal  characteristics  for  strength 
at  high  temperatures.  These  are  DC-2103>  DC-2106,  DC-8O/4., 
XR-100,  XR-544  and  GE-81397.  The  curves  for-  these  resins 
have  been  duplicated  and  plotted  together  in  Figure  2.  All 
six  of  these  possess  shear  strengths  of  at  least  35®  psi  at 
500°F,  In  addition  to  these,  uC-803»  DC-2105  and  XR-544- 
showed  promise  for  high-temperatur-e  use.  These  had  high 
shear  strengths  (over  600  psi)  at  300°F.  The  best  group  of 
resins  far  high -temperature  use  appear  to  be  the  Dow  Corning 
2100  and  600  series,  bonding  and  protective  coating  resins, 
plotted  in  Figures  3 and  5»  High-tempe  rature  shear  tests 
were  not  comDleted  on  the  copolymers  from  Midland  Industrial 
Finishes  Company, 

h.  Summary  of  Results  of  the  Screening  of  Resins 

Arbitrary  standards  of  good  performance  were  made  to  separate 
those  reams  showing  the  most  promise  for  further  experiment 
from  the  rose  of  the  resins,  A shear  strength  of  at  least 
1300  pni  was  the  criterion  at  room  temperature,  Resins  with 
at  leant  600  psi  at  300°i*,  or  350  psi  at  500°F»  were  considered 
promising  high-temperature  resins. 

The  following  resins  are  the  best#  based  on  these  criteria. 


Room  Temperature 


High  Temperature 


Dow  Corning  801 
802 
803 
993 

QQ/i 
' ' *r 

996 

1089 

Dow  Coming 

1360 

silicor.e-alkyd 

Gen.  Elec. SR-  32 
81390 

Gen.  Elec. 

Linde  Y-1043 

silicone»3tyren8 

Y-IO44 

X- 62 

11  11 

Midland  X-2608 

silicone-alkyd 

RS-513 

11  11 

RS-556 

n 11 

160-30-D 

11  it 

X-2720 

160-29-H 

silicone  -epoxy 

803 

804 
2103 
2105 
2106 

XR-100 

xr-543 

xr-544 

81397 
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The  resins  for  the  studies  on  modification  of  resins  with 
fillers  and  catalysts#  reported  in  Part  D to  follow,  were 
aelected  from  tills  list.  The  future  experimental  work  will 
be  concentrated  on,  but  not  restricted  to,  these  resins.  It 
is  hoped  that  a means  for  modify  ins  the  resins  which  exhibit 
good  room-temperature  strength  will  be  found  which  will  impart 
strength  at  high  temperatures.  An  additional  investigation 
of  catalysts,  fillers  and  chelates  ia  planned. 

5.  Primers  and  Surface  Preparation 

The  problem  of  improving  the  resin- to -metal  bond  remains  a 
constant  difficulty.  The  bond  failures  continue  to  be  almost 
exclusively  100%  adhesive  failures,  and  the  ultimate  potential 
strength  of  the  resins  is  therefore  not  being  effectively 
utilized.  Efforts  to  overcome  this  difficulty  have  taken  many 
directions.  Of  primary  interest,  was  treatment  of  the  sur- 
face, prior  to  application  of  the  resin.  A priming  material 
or  procedure  which  would  condition  the  surface  or  any  material 
which  would  show  greater  adherence  than  Bill  cone  resins  and 
still  be  compatible  with  them,  would  promote  « bond  of  higher 
shear  strength  tnan  is  now  being  obtained. 

a.  Cleaning 

Since  the  outset  of  this  project,  the  aluminum  test  panels 
have  been  cleaned  almost  exclusively  in  accordance  with  the 
chromic  acid  method  suggested  by  Wright  Field  (Method  C-l). 

A brief  tost,  using  a commercial  cleaning  compound  C &1  IS  u 
,,Alumiprep,?  (Method  C-3)  which  is  intended  for  the  prepara- 
tion of  aluminum  for  painting,  was  made  to  determine  the 
effect  of  pratraatment  of  aluminum  panels  on  shear  strengths, 
if  any.  The  results  of  the  test  indicated  that  Alumiprep  is 
as  effective  as  the  chromic  acid  cleaning  method.  It  is  also 
a simple  method  to  use*  The  test  results  are  on  the  last 
page  of  Table  8, 

b-  Priming 

A further  extension  of  surface  preparation  has  involved  the 
use  of  primers.  The  idea  of  a primary  coat  of  silica-type 
compound  has  been  followed  from  the  oeginnirig  of  the  project. 
The  use  of  CHR-260  primer  (Method  p-4/  proved  to  have  little, 
if  any,  effect  on  shear  strengths  of  ailicono  resin  bonds 
(Table  8).  Its  use  was  therefore  abandoned. 
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c,  Anodizing 

A few  of  the  best  silicone  reams  and  copolymers  from  the 
screening  program  were  selected  for  determining  the  effect 
of  anodizing  the  aluminum  surface  on  the  shear  strength  of 
the  bonds.  The  resins  and  copolymers  were  applied  directly 
to  electrically  anodized  surfaces  in  an  attempt  to  utilize 
chemical  bonding  by  a condensation  reaction  between  the 
hydroxyl  groups  in  the  anodic  coating  and  the  reactive  groups 
contained  in  the  resin.  It  is  believed  that  the  u3e  of 
unsealed,  rather  than  sealed,  anodized  surfaces  Is  more  likely 
to  bring  about  the  desired  chemical  bonding  with  th6  resin, 

Tfce  theory  behind  the  use  of  anodized  aluminum  panels  is 
discussed  in  more  detail  in  Part  A,  preceding  this  section., 

The  shear  test  results  are  reported  in  Table  12. 

The  only  result  which  was  significant  was  a 25%  to  30% 
increase  m bond  strength  witn  one  of  the  silicone-alkyds 
(Tans!  Set  «o,  355)  above  that  obtained  with  acid-cle  aned, 
primed  clad  aluminum,  Perhaps  the  greater  shear  vaxue  can 
be  accounted  for  on  the  basis  of  improved  adhesion,  attribu- 
table to  the  type  of  chemical  bonding  mentioned  above.  Since 
the  other  resins  and  copolymers  tested  on  anodized  aluminum 
yielded  shear  test  results  lower  than  those  obtained  with  the 
standard  chromic  acid  surf ace -cle aning.  the  evaluation  of 
anodizing  was  terminated  for  the  time  being. 
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C.  Blending  Fesina  and  Rubbers 


When  rubbery  structural  adhesives  are  subjected  to  shearing 
stresses,  the  greatest  amount  of  stress  is  concent  rated  at 
the  edges  of  the  bonded  area  because  of  the  elasticity  of 
the  adhesive.  With  this  type  of  uneven  stress  distribution, 
actual  peeling  of  the  adhesive  results.  while  it  was  known 
from  previous  experience  with  sllic^ra  materials  that,  in 
general,  silicone  resins  and  silicone  rubbers  have  little 
compatibility  with  each  other,  it  was  believed  that  if  a 
compatible  system  could  be  obtained,  tho  addition  of  silicone 
resin  to  the  elastomer  would  Increase  the  stiffness  of  the 
adhesive  and  thereby  reduce  bend  failure  due  to  peeling.  The 
presence  of  the  resin  would  also  os  expected  to  improve  the 
adhesion  to  the  metal,  due  to  chemical  bonding  between  residual 
OH  groups  on  the  reuin  and  the  water  absorbed  on  the  surface 
of  aluminum. 


A preliminary  study  of  compatibility  was  made  in  which  various 
silicone  resins  were  used,  together  with  three  silicone 
elastomers:  SE-76,  an  all-methyl  polymer;  polydiphenylsiloxane 
of  low  molecular  weight,  synthesized  in  this  laboratory;  and 
X-6719A,  a compounded  adhesive  which  is  presumed  to  be  predom- 
inantly a methyl  elastomer.  Ten  percent  solutions!  in  xylene) 
of  each  elastomer  w6re  mixed  in  test  tubes  with  solutions  of 
each  resin  (in  xylene  or  toluene).  While  it  is  recognized 
that  compatibility  of  dilute  solutions  of  two  materials  does 
not  gaurantee  compatibility  of  solvent-free  mixtures  of  the 
materials,  this  experiment  was  designed  to  eliminate  from 
further  consideration  those  combinations  which  are  totally 
incompatible,  even  in  dilute  solutions,  all  of  the  resins 
were  found  to  be  compatible  with  the  low-moles cular-weight 
polydiphenylsiloxane,  thereby  indicating  that  silicone'resins 
are  more  lik9ly  to  be  compatible  with  phenyl  than  with  methyl 
elastomers.  SR-80  was  the  only  resin  tested  which  was  compat- 
ible with  the  SE-76  and  the  X-6719A  (see  Table  13). 


Mixtures  of  SR-80  and  X-6719*  were  prepared  in  various  propor- 
tions and  applied  to  aluminum  panels  as  bonding  materials. 

The  samples  were  cured  in  the  same  manner  as  was  X-6719A, 
alone,  except  that  the  cunnu  time  was  considerably  longer, 
for  the  benefit  of  the  r33iu,  however,  tne  panels  Donded  with 


the  mixtures  had  no  strength  at  all  (see  T-ole  14). 

Aluminum  panels  were  also  bonded  with  mixtures  of  X-6719a  tnd 
resins  which  were  found  to  be  incompatible  with  it  (in  thi3 
case,  SR-32  and  LC-993),  Tne  mixtures  were  prepared  by  mil- 
ling the  solvent-free  resin  into  the  elastomer.  Aluminum 
panels  to  which  the  mixtures  were  applied  as  bonds  were  cured 
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by  use  of  the  methods  used  for  the  elastomer.  The  shear 
strengths  proved  to  bo  considerably  lower,  however#  thsr.  those 
obtained  with  eithsr  the  pure  resins  or  pure  X-6719A  (see 
Table  14). 

Failure,  in  all  cases,  was  entirely  adnosive.  The  shear 
strengths  of  bonds  obtained  from  mixtures  of  X-6719A  and 
solvent  solutions  of  other  resins  (hC-935>  oC-2104  and  SR-82) 
were  also  negligible  (see  Table  14).  It  was  concluded  that 
mixtures  of  silicone  resins  with  silicone  rubbers  offered 
little  promise  for  use  as  bonding  materials. 
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D.  Compounding  Silicone  Resina  and  Copolymers  to  Make 
Structural  Adhesives 

1.  Introduction 


The  screening  of  silicone  resins  and  copolymers  reported  above 
has  shown  that  many  silicone  resins  and  silicone -organic  co- 
polymers have  the  potentialities  for  being  good  structural 
adhesives  at  ordinary  temperatures.  The  screening  shear 
tests  at  300°  and  500°P,  however,  have  disclosed  that  shear 
strength  diminished  rapidly  as  the  testing  temperature  was 
increased.  Observations  revealed  that  these  bond  failures 
are  caused  almost  entirely  by  thermoplasticity. 

It  has  been  found  In  the  last  few  years  that  with  many  polymers, 
particularly  molding  compounds  and  epoxide -phenolic  adhesives, 
the  addition  of  suitable  filters  stiffens  and  greatly  increases 
the  high- temperature  strength  of  the  polymers. 

Thermoplasticity  of  siloxane  rosin  polymers  can  perhaps  be 
accounted  for  on  the  oasis  of  xnauff icient  polymerization, 
l.e.  the  presence  of  too  large  a proportion  of  "too  short" 
chains  which  are  not  cross-linked  sufficiently  with  other 
cnalns.  In  practical  applications,  this  means  that  they  are 
not  thoroughly  cured.  The  chie  f means  of  increasing  the 
extent  of  cure  are:  a)  to  Increase  the  time  and  temperature 
of  cure,  and  b)  to  add  catalysts  of  polymerization  to  the 
resin  prior  to  curing.  It  would  be  impractical  to  increase 
the  time  of  cure  (16  hours  Q 4 80°P  was  used  in  the  screening). 

It  was  thought,  however,  that  the  addition  of  the  right  catalyst 
might  markedly  increase  the  ultimate  extent  of  polymerization 
by  cross-linking  of  the  resin  chains,  thus  reducing  the  thermo- 
plasticity observed.  It  is  el  so  likely  that  required  cure 
times  can  be  reduced  by  the  use  cf  catalysts.  This  possibility 
has  not  y6 1 been  investigated. 

2,  The  Effect  of  Fillers  on  Shear  Strength  and 
The rmoplasticity 


The  fillers  selected  for  evaluation  were  aluminum  dust,  mica 
dust,  Santocel,  Cellte,  titanium  dioxide,  and  Agerite  Alba. 
Aluminum  dust  has  been  shown  b/’  Shell  Chemical  Company  to 
improve  vastly  the  high-tempe  rature  strength  of  epoxide - 
phenolic  resins.  Celite  and  Santocel  have  been  found  to  be 
excellent  fillers  for  silicone  molding  resins,  yielding 
molded  products  of  excellent  high-temperature  strength.  Both 
Santocel  and  titanium  dioxide  have  been  found  to  be  excellent 
fillers  for  silicone  elastomers.  Mica  dust  had  been  recommended 


by  other  people  in  the  field  as  a potential  means  of  increasing 
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high- temperature  strength  of  silicone  resins,  Agerite  Alba 
was  included  as  an  antioxidant-type  filler.  Each  of  these 
was  therefore  considered  worthy  of  evaluation  for  structural- 
adhesive  purposes. 

The  first  of  two  experiments  with  fillers  was  designed  to 
determine  which  of  three  grades  of  mica  available  would  be  the 
most  effective  filler,  DC-996  resin,  which  had  given  the 
greatest  shear  strength  (70°F)  to  date,  was  chosen  as  the 
base  resin.  Proportions  varying  from  5 to  50  parts  of  each 
type  of  mica  were  added  to  IOC  parts  of  resin,  and  aluminum 
test  pawls  were  bonded  from  the  mixtures. 

Room- temperature  shear  tests  showed  that  the  Ground  Vvhite 
Muscovite  Mica  (Mineralite^s)  gave  the  highest  shear  strengths 
of  the  three  types  used,  rhe  two  smallest  proportions,  5 
and  20  parts,  gave  the  best  shear  strengths,  but  only  equal 
to  those  of  the  control  sanplas.  It  is  readily  observed 
(Table  15}  that  the  presence  of  mica  filler  reduces  the  cohe- 
sive strength  of  the  resin  at  70°F.  Cohesive  failures  result 
in  all  mica-filled  samples,  vhereaa  adhesive  failures  result 
in  all  the  unfilled  control  samples. 

The  major  study  of  fillers  consisted  in  determining  the  value 
of  the  various  fillers  on  the  high-temperature  shear  strength 
of  selected  silxcone  resins.  The  above-mentioned  fillers  were 
added  in  proportions  varying  from  10  to  50  parts  to  DC-804* 

996,  and  2105  pure  silicone  resins  and  to  X-2608  silicone 
alkyd  copolymer,  DC -996  and  X~26o8  were  selected  because 
they  had  very  good  70°F  shear  strength  but  poor  high-tempera- 
ture Bhear  strength,  DC-804  and  2105  were  selected  because 
they  showed  fairly  good  thermal  efficiency  (retention  of 
room-temperature  shear  strength  when  tested  at  high  tempera- 
tures,) The  shear  strengths  of  bonded  aluminum  test  panais 
(bonded  with  the  filled  resins)  were  do ts mine d at  70°,  300° 
and  500°F,  The  results  are  recorded  in  Table  16  and  presented 
graphically  in  Figures  12  through  17*  The  following  obser- 
vations can  be  made  from  the  data.  Of  the  four  resins,  DC-2105 
seems  to  have  the  beat  strength  at  300°F,  whereas  DC-8O4  is 
the  strongest  at  500°F.  DC-804*  an  all-methyl  silicone  poly- 

mer, seems  to  be  the  most  improved  by  the  addition  of  fillers. 
Aluminum  dus t,  mica  dust,  Santocel  ana  Celite  all  improved 
its  strength  at  300°F,  though  its  strength  at  500°F  is  not 
significantly  Improved  by  any  of  the  fillers.  The  shear 
strength  of  DC-2105  resin  at  500°F  is  improved  somewhat  by 
aluminum  dust,  DC-996,  tne  strongest  of  the  three  pure  silicones 
at  room  tempers  turo,  has  the  poorest  hi&4  - tempo  rature  strength 
of  the  three.  Small  amounts  of  Santocel,  Celite,  Agerite  Alba, 
and  titanium  cdoxiae  improved  its  room-temperature  shear 
strength  somewhat.  Large  amounts  (50  parts)  of  mica  dust, 

Celite  and  titanium  dioxide  improved  its  300°F  strength  somewhat. 
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BASE  : 100  PARTS  [SOLIDS]  DC*SI05 

FIG.I3-EFFEC.T  OF  VARIOUS  FILLERS  ON  DC-2105  SILICONE  RESIN. 
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FIG.  16 -THE  EFFECT  OF 50  PARTS  ALUMINUM 
DUST  FILLER  ON  HIGH  TEMPERATURE 
SHEAR  STRENGTH  OF  RESINS. 
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SHEAR  STRENGTH, P.5.1.  CHANGE  DUE  TO  FILLER 


TEST  TEMP.  * F. 

FIG.  17- THE  EFFECT  OF 20  PARTS  ALUMINUM 
DUST  FILLER  ON  HIGH  TEMPERATURE 
SHEAR  STRENGTH  OF  RESINS. 
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The  b 11  icons— alky  d copolymer  la  made  somewhat  stronger  at 
5'J0°P  oy  the  addition  of  00  parts  of  mica  dust  or  10  parts 
of  Santocel, 

It  is  concluded  that,  though  some  improvement  in  elevated 
temperature  strength  has  been  obtained  in  some  cases,  the 
addition  of  fillers  does  not  eliminate  the  the rmoplasti city 
of  silicone  rer»ins. 


3.  The  Effect  of  Polymerization  Catalysts  on  High- 
Temperature  Strength  of  Resins 


A large  number  of  the  catalysts  which  are  widely  used  m the 
silicone  resin  industry  were  included  in  the  invest igatior-  . 
These  are  triethanolamine,  lead,  iron,  and  zinc  octoates 
and  naphtha  nates  (com™  ally  known  as  Octasols  and  Uversols) 
and  the  Dow  Corning  Catalyst  XY-15.  In  addition,  titanates, 
whose  effectiveness  has  been  announced  in  recent  patents,  1/ 
wo rc  included  also.  Tatra- isopropyl  and  tstra-n-butyl  titanates 
were  used.  Catalysts  were  added  in  concentrations  ranging 
from  0.1%  to  1%  to  several  promising  resins  selected  for  the 
study, 

Shear  strengths  of  nearly  1000  psi  were  obtained  at  300°F 
with  titanate-catslyzed  DC-2103  ro3in.  Uncatalyzed  DC-2103 
gave  the  highest  single  shear  strength  at  50G°F  shortly 
after  reaching  that  temperature,  which  was  750  psi.  This 
figure  represented  8l;fc  of  the  room- temperature  strength  of 
that  particular  run  (Bond  fr0O8).  The  contract  requires  1000 
psi  shear  strength  after  aging  1200  hours. 

The  most  striking  effect  of  a catalyst  (see  Table  17  and 
Figures  18  through  21)  was  the  marked  improvement  in  shear 
strength  at  both  normal  and  elevated  temperatures,  which 
resulted  from  the  use  of  tetru-isopropyi  titanate  and  tetra- 
n-butyl  titanate,  i>C-21Q3  resin,  containing  1%  of  a titanate 
catalyst,  retained  80  to  90fc  of  its  room-temperature  strength 
at  300°F,  Furthermore,  the  room-temperature  strength,  as 
well,  was  increased  by  the  use  of  these  catalysts  iBond  fr 509 
and  010),  The  addition  of  tetra-isopropyl  titanate  to  DC-2105 
resin  brought  about  a marked  increase  in  strength  at  both  300° 
and  0OO°F  (Bond  #46 7).  The  addition  of  0.5!£>  triethanolamine 
increased  the  ro  om- temperature  shear  strength  of  oC-996,  DC-804 
and  DC -21 00  (Bonds  #407#  433#  416,  419#  489),  BC-804  was 
weakened  by  all  the  octoate  and  napthenate  catalysts  to  the 
extent  that  the  bonds  fell  apart.  Only-  triethanolamine  was  a 
useful  catalyst  for  this  all-methyl  polymer. 


l/  Oul ledge,  tiugh  C.  Titanated  Organo-Sllicon-Oxy  Compounds, 
Application  date  0 April  1946,  U.S,  Patent  “Z,5l2,058. 
Belgian  Patent  000,963 
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KEY  : T3T  = TETRA-N-0UTYL  TITANATE 

TPT  = TETRA  ‘-30PR0PYL  TITANATE 


FIG.  !8- EFFECT  OF  TITANATE  CATALYSTS  ON 
DC-2103  SILICONE  RESIN. 
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SHEAR  STRENGTH,  RS.I.  !N  lOO^GRADUATIONS 


KEY  : TBT  = TETRA-N  - BUTYL  TITANATE 

TPT  = TETRA  ISOPROPYL  TITANATE 
OCTASOLS  = OCTOATES 
UVERSOLS  * NAPTKENATES 

FIG.I9-THE  EFFECT  OF  CATALYSTS  ON  THE 

HIGH  TEMPERATURE  SHEAR  STRENGTH 
OF  DC-2105  SILICONE  RESIN. 
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FIG.20-THE  EFFECT  OF  VARIOUS  CATALYSTS  ON  DC-996  SILICONE 
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In  the  oases  where  the  shear  strength  at  room  temperature 
Is  decreased  by  the  addition  of  catalysts,  it  is  thought 
that  the  catalyst  promoted  an  excessive  degroe  of  cross- 
linking,  rendering  the  resin  brittle  and  subject  to  quick 
shattering  unaer  the  strain  of  shear  tests.  It  is  supposed 
that  tetra-isopropyl  and  tetra-n-cutyl  titanates  promote 
the  additional,  degree  of  cross-linking  required  by  bC-2103 
and  2105  to  reduce  thermoplasticity. 

At  present,  DC-2103  and  oC-2105  appear  to  be  the  mo3t  promis- 
ing resins  for  higfr-tempe * ature  service,  and  the  titenates 
appear  to  be  the  most  promising  catalysts. 

Psrhaps  the  addition  of  a quantity  of  filler  plus  a titanate 
catalyst  will  reduce  the  rmopl  anti  city  somewhat  more,  but 
probably  not  enough  to  meet  requirements,  a subsequent  step 
will  be  to  investigate  the  value  of  a certain  class  of 
titanium  organics  known  as  chelates  in  eliminating  thermo- 
plasticity.  Certain  chelates  have  been  found  by  bhell 
Development  Company  to  be  indispensable  in  maintaining 
strength  after  nigh -temperature  aging  of  epoxide -phenolic 
structural  adhesives.  The  valus  of  cnelates  has  not  yet 
been  determined  for  the  silicone  structural  adhesives. 
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E.  SiMvey  of  Commercial  Structural  Adhesives 


Sever^|j:pjnmer slgUy  available  structural  adhesives,  known 
to  hawj>pftH  ° * e r e tested  for  the  purpose  of  evalua- 
ting t«i  clo  an  ir.i,  "b^liing  and  testing  techniques  developed 
in  thffl  laboratory^, initial  tests  were  carried  out  on 
two  as?  Rives  of  thefSHenqiic- rubber  type:  MN3C  tape,  supplied 
by  NarSco,  Inc.,  Costa' Mes\.  California;  and  EC-1245  solution, 
supplipa  by  the  Minnesota  Mrning  and  Manufacturing  Company, 

St,  Paul,  Minnesota,  ^^pnds  obtained  oy  ^ jj&a  ttiAaa 
adhesives  were  of  the  proper  (3000-4000 

psi  sh|tar  strength,  room  temperature). 

Subsequent  tests  were  run  on  the  following  commercial  struc- 
tural adhesives. 

Seotchweld  No.  588,  a bonding  film  in  tape 
form,  supplied  by  the  Minnesota  Mining  and 
Manufacturing  Company. 

CTL-91-D,  a high -temperature  phenolic  resin 
supplied  by  the  toamken  Enginegjcing  Company, 
Cincinnati,  Ohio 

Armstrong  A-6  with  Activator  ,:E”,  an  o poxy- 
type  resin  formulation  containing  a mineral- 
type  fibrous  filler  and  an  anfflle  catalyst, 
supplied  by  the  Armstrong  Products  Company, 

Warsaw,  Indiana. 

SS-15  Paste,  a compounded  silicone  rubber 
bonding  paste,  supplied  by  tHe  Ggja&Jaal 
Electric  Company,  Wa'be££siadg*S*^York. 

Pliobond,  an  adhesive  cement,  supplied  by 
the  Goodyear  Company. 


Data  on  shear  strength  tests  run  on  the  ^commercial  adhe  s isre  e 
listed  above  may  be  found  in  Table^Bi^The  results  indicate 
that  our  laboratory  techniques  are  comparaoie  to  those  used 
in  the  industrial  field. (bynco  93^C  with  Accelerator  "N", 
a thermosetting  resin,  supplied  by  the  Snyder  Chemical 
Company,  Bethel,  Connecticut,  was  applied  to  panels  in  the 
usual  fashion,  but  no  tests  were  run  on  this  material,  since 
it  was  found  to  be  too  soft  and  pliable.) 
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F.  Synthesis  of  Siloxane  rolymers  for  Structural  Adhesives 

1,  Introduction 

During  the  course  of  the  program,  the  work  ha3  been  on  a 
trlai-and-error  basis  as  far  as  the  selection  of  materials 
and  use  of  adhesives  weu  concerned.  This  has  been  duo,  for 
the  most  part,  to  the  fact  that  the  composition  of  commer- 
cial resins  is  not  revealed  by  the  m&cuf acturors.  Exact  R 
to  Si  ratios  or  percentages  of  the  various  organic  radicals 
present  in  the  resin  formulations  would  be  valuable  for 
indicating  relationships,  if  any,  of  the  type  of  organic 
radicals  to  adhesion,  Physio;.!  measurements  such  as  viscosity 
cannot  bo  used  as  a method  of  characterization  because  the 
method  of  preparation  influences  the  viscosity.  The  only 
reliable  method  of  determining  such  relationships  is  by 
testing  the  aanesion  of  a series  of  silicone  resins  of  known 
composition.  To  this  end,  samples  of  comma  rc5  ally  available 
monomers  were  obtained  and  a program  was  set  up  for  the  prepar- 
ation of  monomers  that  were  not  available,  and,  eventually, 
for  the  preparation  of  a series  of  silicone  polymers  of  known 
composition.  Information  for  the  preparation  of  the  unavail- 
able monomers  and  polymers  was  obtained  from  the  literature 
and  U.S.  Patents. 

2.  Accomplishments 

The  following  monomeric  compounds  were  prepared: 

a,  Tetrame thyldislloxane-l-3-diol 

b.  Diphenylsilanediol 

c.  Octaphenylcyclotetrasiloxane 

d,  Hexaphenylcyclotrlslloxane 

Tn  addition  to  these,  an  all-mB  thyl  polymer  was  prepared  from 
dime thyldlchlorosilane  ana  me thyltrichlorosllane  having  a 
R:Si  ratio  of  1.41:1* 

Recently  a new  patont  l/has  been  received  which  describes  a 
simplified  method  for  the  preparation  of  the  siloxane  resins, 
in  which  the  number  of  steps  is  reduced.  This  patent  has 
not  yet  been  checked  experimentally,  but  comments  as  to  its 
usefulness  will  be  included  in  the  next  report. 


y Vielch,  Charles  E. , and  Holdstock,  Norman  G.  process  for 

Preparing  Polysiloxane  Resins.  Application  date  d February 

TOTTHffs;  Patent-  .T,'6E1,34B.  • 
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V,  METHODS  FOR  PREPARATION  AND  SHEAR-TESTING  OF 
EXPERIMENTAL  STRUCTURAL  ADHESIVES 


The  methods  here  described  are  those  used  throughout  the 
research  under  this  contract.  V.hero  variable  msthods  were 
used  at  a particular  stage  of  the  preparation*  such  as 
priming,  all  the  methods  used  ere  described  under  the  key 
symbols  listed  in  the  tobies. 

A.  Description  of  the  Metals 

One  inch  by  four  inch  panels  were  used  for  shear  tests. 

A-l  Alclad  aluminum  24S-T3,  0*064  inch  thick 
A-2  Same  aluminum,  0,031  inch  thick 

A— 3 The  above  aluminum  [A-l)  after  anodizing.  Aluminum 
was  anodized  by  either  an  electrical  (E-l  and  E-la) 
or  a chemical  process  (E-2),  The  anodizing  processes 
are  described  below. 

SS-1  Stainless  steel.  18-8  full  hard,  conforming  to 
KIL-S-5059,  0.036  inch  thick. 

5.  Preparation  of  the  Metal  Surface  for  bonding 

1.  For  aluminum 

The  standard  surface  preparation  was  chromic -sulfuric  acid 
cleaning  (C-l  below)  as  recommended  by  NALC,  Experimental 
cleaning  methods  where  used  ure  listed  in  the  tables.  The 
cleaned  panels  were  usually  primed  in  preparation  for  eias- 
tomerio  adhesives,  usually  unprimed  for  resin  bonding  mater- 
ials. All  varying  cases  are  so  listed  in  the  tables. 

Some  sets  of  experiments  utilized  aluminum  which  had  been 
enodized  to  produce  a surface  layer  of  Al(0H)'>.  This  process 
replaced  acid -cleaning.  Anodic  surfaces  we  re  "'usually  "sealed" 
to  deposit  silicone  molecules  between  the  pores  of  aluminum 
hydroxide . 

2.  For  Stainless  Steel 

The  panels  were  usually  cleaned  by  the  hydro  chloric -nit  ire 
acid  method  (C-5)  recomuended  by  WaDC.  Experimental  cleaning 
methods,  vhen  used,  are  listed  in  the  tables. 
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C.  Cleaning  Methods 
1,  For  Aluminum 

C-l  (Cleaning  Aluminum) 

Cleaning  with  chromic  acid  solutions,  according  to 
paragraph  3. 1.2. 2. 1.1  of  MIL-A-9067,  recommended 
by  V« ADC. 

a.  Degrease  by  immersion  for  at  least  16  hours 
in  tri  chi  oroe  thy  lone  at  room  temperature. 

b.  Dip,  with  agitation,  for  10  minutes  in  a 
chromic  acid  solution  of  the  following  composi- 
tion by  weight: 

Water  30  parts 

Cone.  HgSOt^  10  " 

Cyrst.  NagCrgOy  1 11 

This  is  to  bo  maintained  at  a temperature  of 
150-160°F. 

c.  Rinse  six  times  with  cold  water  and  allow  to 
dry  at  least  30  minutes  at  room  temperature, 
or  10  minutes  at  150-200°P  in  a circulating- 
air  oven. 

d„  The  panels  are  stored,  when  necessary,  m a 
desiccator  containing  a drying  agent  or  con- 
stant humidity  solution,  prior  to  bonding. 

C-2  (deeming  Aluminum) 

Recommended  by  Dow  Corning  as  preparation  for  silicone 
adhe  sivos. 

a, c,d,  the  same  as  for  C-l 

b.  Dip  five  minutes  in  concentrated  RCl  at  80°F. 
Rinse  with  water.  Dip  30  minutes  in  concentrated 
HNO3  at  room  temperature, 

C-3  (Cleaning  Aluminum) 

This  utilises  Alumiprop,  a metal  cleaner  of  Neiison 
Chemical  Company.  It  is  one  of  the  cleaning  methods 
recommended  by  Midland  Industrial  Finishes  Company. 
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a.  Degrease  by  immersion  for  16  hours  in  trichloro- 
ethylene at  room  temperature- 

b.  Dip  in  diluted  (one  part  to  two  parts  water) 
AlumipreC'  at  room  temperature  for  30  seconds. 
Shake  off  excess  then  wipe  with  a cloth  which 
has  been  dampened  with  Alumiprep.  Alumiprep 
has  an  acid  pH  and  is  designed  to  prepare 
aluminum  for  paintings  it  is  the  counter-part 
of  Me talprep  for  steel. 

2,  For  Stainless  Steel 

C-5  (Recommended  by  WAl»C) 

a.  Degrease  by  immersion  for  16  hours  in  trichloro- 
ethylene at  room  temperature. 

b.  Dip,  with  agitation,  in  15  percent  by  weight 
RC1  for  5 minutes  at  80*F.  Rlnso. 

c.  Dip,  with  agitation,  in  30  percent  by  weight 

KNO3  for  30  minutes  at  8o°F.  Rinse, 

d.  Rinse  thoroughly  with  cold  water,  ana  dry  at 
room  temperature,  or  not  above  200°F. 

C-6  (Gleaning  Stainless  Steel) 

This  is  a method  specifiea  by  the  bloomingdale  Rubber 
Company  for  use  with  th= ir  Hycar-phenolic  structural 
adhesives  of  the  FM-4.7  type. 

a.  Treat  for  7 minutes  in  the  following  solution, 
maintained  at  the  boiling  point: 

Sodium  Carbonate  2.0  ez/gai 

Sodium  Hydroxide  2,0  02/gal 

Rosin  Soap  0.5  02/gal 

Alkyl  Aryl  Sodium  Sulfonate  0.5  oz/gal 

Anhydrous  Sodium  Matas  1 lie ate  3.0  02/gal 

b.  Treat  for  four  minutes  in  the  following  pickling 
solution,  maintained  at  room  temperature: 


Concentrated  H2S0h 
Concentrated  mN O3 
hater 


25%  by  volume 
25%  by  volume 
50%  by  volume 


Treat  for  one  minute  at  room  temperature  in  the 
following  bright  dip  solution: 


Concentrated  HOI 
30%  H202 
hater 


55%  by  volume 
2%  by  volume 
43%  by  volume 
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d.  Rinse  thoroughly  with  cold  water  and  dry 


C-7  (Cleaning  Steel) 


Use  of  Mstalprep  solution  (Neilson  Chemical  Company). 
This  is  a proprietary  mixture  used  to  prepare  steel 
for  painting  which  acta  as  a rust-remover  arid  paint 
primer.  Used  the  same  as  Alumiprep. 

D.  Anodising  Methods  (for  Aluminum) 

E-l  Electrical  anodizing  (thick  anodic  layer) 

a.  Dip  in  NaCi-i  solution  (approximately  i lb  per  gal) 
about  30  seconds  at  160°  to  130°P.  Cold  water 
rinse. 

b.  Dip  in  60%  HNOo  solution  about  30  seconds  at 
room  temperature.  Cold  water  rinse. 

c.  Anodize  in  15%  H2SO4  solution  at  85°?.  Raise 
voltage  to  Ip  volts  over  five  minutes  and  main- 
tain 15  volts  for  .'+5  minutes  at  20  amps/sq  ft 
density.  Cold  water  rinse. 

E-la  Electrical  anodizing  (thin  anodic  layer) 


a and  b same  as  E-l  process 

c.  Anodize  in  10%  H2SQ4  solution  at  78°  to  80°P, 
Raise  voltage  tc  l6  volts  over  five  minutes 
and  maintain  18  volts  for  30  minutes  at  12 
to  15  amps/aq  ft.  Cold  water  rinse. 


The  electrical  anodising  vas  done  by  Contract  Plating 
Company  of  Stratford,  Connecticut. 


£-2  Chemical  anodizing 


This  process  was  performed  by  Entlione  Corporation 
of  New  Haven,  Connecticut,  and  the  exact  procedure 
Is  not  known  to  this  company. 


E.  Priming  Methods 

P-1  (CRR-260  primer  containing  disilanes) 

a.  After  cleaning,  the  panels  are  dipped  in  100%* 
solution  of  CHR-260  (in  isopropyl  alcohol  or 
carbon  tetrachloride ) primer  for  approximately 
30  seoonds. 


tf/feased  on  product  as  sold  in  isopropyl  alcohol  solution* 


1m ADC  TR  54-98 


69 


b,  Remove.  Shake  off  excess  primer.  Air-dry 
for  30  minutes  at  room  temperature. 

JP-2  CHR-260  50%*  solution  Same  method 

F-3  CHR-260  solution  ” M 

P-4  CHR-260  X0%«  solution  " " 

P-5  CHR-260  1%«-  solution  " " 

P-8  CHR-260  100%*  f 0.5%  '»  ” 

DC-796  (Dow  Corning  primer) 

Contains  ethyl  orthosilicate  in  isopropyl  alcohol, 

a.  Applied  to  cleaned  panels  by  brushing  or  dip- 
ping. Excess  shaken  off. 

b.  Air-dry  at  room  temperature  for  30  minutes 
to  hydrolyze  the  primer. 

c.  Rinse  in  cold  water.  Air-dry  at  room 
temperature  or  150°P. 

Numerous  other  experimental  priming  methods  are 
described  in  the  appropriate  tables. 

F.  Sealing  Methods  (for  anodized  aluminum) 

Described  in  the  appropriate  tables. 

G-.  application  of  the  Adhesive  and  Curing 
1.  Elastomeric 

a.  A small  amount  of  tho  elastomer  is  pressed 
onto  one  panel,  cleaned  and  primed,  if  solvent 
is  present.  It  is  allowed  to  evaporate  at 

70°  or  150°i-'. 

b.  Eight  such  panels  are  placed  in  a jig  (Figure  22). 
A second  panel  is  placed  over  the  first  with  £ 
inch  overlap.  The  Jig  is  so  designed  that  it~ 
regulates  the  3ize  of  the  overlap  area  to  exactly 
| sq  in.  Vvhen  the  cover  is  placed  on  the  Jig, 
the  assembled  bonds  are  held  in  position  without 
movement  or  slippage. 

*/  Based  on  product  ao  acid  in  isopropyl  alcohol  solution 
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FIG. 22-JIG  FOR  ASSEMBLING  SHEAR  TEST 
PANELS  FOR  SCREENING  PROGRAM. 
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c.  The  oonda  m the  jig  assembly  are  subjected 
to  pressure > usually  at  2$0°F  for  30  minutes 
at  2500  pai  in  a rr-eeo  nydraulic  rreas.  Le- 
t-alls of  time , temperature#  and  pressure  are 
given  in  the  tables. 

a.  The  pressed  bonds#  still  in  the  jio#  are  oven- 
cured  at  the  temperature  and  times  Riven  in 
the  tables#  usually  16  hours  at  3C0°F. 

2.  Resin 

a.  An  amount  of  resin  in  about  5Qfc  solution  is 
painted  on  the  overlapping  portions  of  both 
panels#  appropriately  cleaned#  and  primed. 

The  solvent  is  evaporated  at  room  temperature 
or  at  150 °F. 

b.  The  cure  of  the  resin  is  usually  ” advanced" 
before  assembling#  by  partial lv  curing  the 
resins  on  the  separate  panels  * or  1 hour  at 
300 °F«  This  procedure  helps  to  prevent  the 
resin  from  running  out  ol*  the  glue  line  during 
the  cure  of  assembled  bonds. 

In  some  cases  (earlier  part  of  vork)#  a piece 
of  glass  scrim  was  placed  in  the  ream  in  the 
glue  line,  prior  to  assembling.  This  procedure 
was  also  intended  to  held  the  resin  in  the 
glue  line#  ano  in  these  cases  the  cure  was 
not  ” advanced”. 

c.  Same  as  step  b.  above  for  elastomer 

u.  The  bonded  panels  in  the  jig  are  placed  in  the 
ire co  ire 3 3 at  contact  pressure  only  to  cause 
the  partially  cured  resin  on  the  assembled 
panels  to  flow  together,  thus  bonding.  The 
exact  times  end  temperature#  usually  about 
30  minutes  V 300°''', are  given  in  the  appropriate 
tables. 

ef  The  bonded  panels,  still  m the  jig#  are  oven- 
cured  as  tabulated#  usually  16  hours  at  480°F. 

H,  Shear-Testing  at  Room  Temperature 


Shear  teats  were  done  using  a Dillon  Dynamometer#  Model  K.# 
which  operates  over  the  range  of  0 to  10#000  psi  and  modified 
to  have  a loading  rate  of  1200  to  I4OO  psi  per  minute.  Most 
shear  te3ts  were  run  in 
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J*  Sh^ar-Te sting  at  Elevated  Temperature 
1*  Description  of  Equipment 

A small  Multiple  Unit  Electric  Furnace  Type  123-1  of  the 
axial -hinged  tube  type  is  affixed  between  the  jaws  of  the 
Dillon  Tester,  Model  A,  for  the  purpose  of  heating  and  keep- 
ing the  test  panel  at  the  elevated  temperature  desired  while 
under  test.  This  furnace  was  obtained  from  Fisher  Scientific 
Co.  and  was  manufactured  by  the  Hevi  Duty  Electric  Co.  lte 
outside  dimensions  are  6£  inches  diameter  and  5 inches  in 
height,  The  inside  diameter  is  approximately  1*  inches  to 
accommodate  the  one  inch  wide  test  panels.  The  heat  input 
to  the  furnace  is  regulated  by  means  of  a poweratat  to  control 
the  voltage  input.  The  temperature  of  a test  panel  is  measured 
by  means  of  a copper-conatantan  thermocouple  which  is  wrapped 
around  the  bonded  area.  The  thermocouple  connection  is  made 
to  a Leeds  Worthrup  Precision  Potentiometer  Wo.  6662  which 
is  sensitive  to  0.031  millivolts,  a voltage  change  equivalent 
to  1°P.  The  conversion  from  millivolts  to  degrees  Fahrenheit 
is  made  through  the  use  of  Standard  Conversion  Tables. 

A copper-constantan  thermocouple  is  used  for  testing  »t-  5^0 ’F. 
For  testing  at  700°F,  it  will  be  necessary  to  use  an  iron- 
constant  an  thermocouple.  Because  of  varying  degrees  of  pre- 
heat of  the  oven,  parols,  jaws  of  the  tester,  and  the  air, 
it  is  necessary  to  measure  the  temperature  in  the  glue  line 
of  each  sample  during  the  test,  it  hts  b9an  found  that 
measurement  of  the  temperature  by  means  of  a thermocouple 
wrapped  around  the  outside  of  the  bonded  area  is  an  accurate 
meusure  of  the  temperature  in  the  glue  line.  Several  checks 
have  been  run  with  the imocouples  both  in  the  glue  line  and 
wrapped  around  the  outside,  and  they  are  always  within  five 
degrees  of  each  other.  Therefore  the  heat  of  radiation  from 
the  heating  element  in  the  interior  of  the  furnace  is  not 
sufficient  to  make  temperature  measure  on  the  outside  of  the 
panel  inaccurate. 

Since  the  oven  is  five  inohes  high,  it  is  impossible  to 
hove  the  test  panels  grasped  by  the  tester  juwa  at  only  four 
iriches  apart  curing  the  teat  as  specified  by  the  V»aDC  test 
procedure,  rtowever,  it  can  be  seen  from  Part  h which  fol- 
lows that  elevated-tempe rat’ire  shear  tests  results  obtained 
with  our  equipment  agree  with  wADC  results  within  8j&. 

A photograph,  Figure  23,  shows  the  elevated  temperature  shear- 
testing  equipment.  A bonded  specimen  is  in  the  jaws  of  the 
Dillon  Tester  within  the  electric  furnace  which  is  mounted  on 
the  platform  of  the  lower  jaw.  The  potentiometer  is  shown 
beneath  the  Dillon,  and  the  powerstat  appears  on  the  shelf. 
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2,  Procedure  for  Testing  Strength  at  Elevated  Temperature 

The  jaws  of  the  Dillon  Tester  are  preheated  in  an  oven  for 
about  £ hour.  A copper-eons tantan  thermocouple  is  wrapped 
around  the  bonaed  area  of  the  test  panel  and  held  on  with 
paper  clips  prior  to  insertion  in  the  jaws  of  the  tester. 

The  bonded  test  panel  is  inserted  in  the  jaws  of  the  tester# 
and  the  preheated  electric  furnace  is  placed  on  the  platform 
of  the  lower  jaw  around  the  test  panel.  A sheet  of  asbestos 
insulation  is  placed  on  the  top  of  the  furnace  to  insulate 
the  top  opening  of  the  cylindrical  chamber.  The  poweratat 
is  set  at  a reading  of  between  70  and  80  to  obtain  a tempera- 
ture of  500°P  in  the  glu'id  ax'ea  of  the  test  sample.  This 
temperature  is  equivalent  to  1 3.25  millivolts  (reference 
junction  of  0°E)  on  the  potentiometer.  <•;  temperature  of  500°P 
at  the  glue  line  is  maintains  d for  five  minutes  before  com- 
mencing the  test.  Tho  tompe  rature  is  never  allowed  to  drop 
below  500°P  but  sometimes  rises  to  a few  degrees  above  500°i*'. 

High- tempo  rature  tests  to  date  have  been  performed  shortly 
after  reaching  the  test  temperature.  'when  elevated  tempera- 
ture tests  are  performed  in  accordance  with  the  contract 
requirements,  a large  oven  will  be  used  for  aging  the  samples. 
Aged  samples  will  be  quickly  transferred  to  the  billon  Tester# 
fitted  with  the  Electric  Kurnace  for  shear  testing, 

K.  Evaluation  of  bhear-Te sting  procedures 

1.  The  Effect  of  Alignment  of  the  Test  panels  During 


This  expo  rim nt  was  performed  to  determine  whether  or  not 
slight  misalignment  of  the  test  panels  in  the  jaws  of  the 
Dillon  Tester  during  the  shear  tost  affects  the  shear  strength 
measurements  obtained. 

X-6719A  was  used  as  the  adhesive,  and  25%  CHR-260  as  the 
primer.  Two  sets  of  samples  were  tested  with  perfect  align- 
ment of  the  test  panels,  and  two  sets  with  misalignment  as 
great  as  the  relative  positions  of  the  test  jaws  would  allow. 

The  results  in  Table  19  show  that  misalignment  causes  no 
observable  effeot  on  the  shear  test  results. 

2.  Evaluation  of  brie  ar-Test  mg  Technique:  Comparison 
between  VvaoC  and  Connecticut  Hard  Rubber  Co. 

It  was  considered  to  be  ox’  value  to  compare  the  3hear-testmc. 
technique  used  at  this  company  with  the  standard  technique 
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used  at  V.ADG.  To  do  this,  a set  of  30  samples  were  bonded 
with  Shell’s  epoxide -phenolic  resin  Wo,  422-V-28  at  V»al»C, 
and  a set  of  about  18  samples  were  bonded  with  X-6719A  after 
CHR-260  priming  at  Connecticut  Hard  Rubber  Go,  in  each  case, 
half  wore  tested  at  Connecticut  Hard  Rubber  Co,  and  half  at 
ttADC  — some  at  room  temperature  and  some  at  500°F. 

The  shear  test  data  in  Table  20  show  very  good  correlation 
between  the  test  results  of  Connecticut  Hard  Rubber  Co,  and 
WADC.  In  the  room- temperature  shear  teats,  the  average 
deviation  with  both  bonding  materials  was  less  than  45a. 
toith  the  tests  at  5uO°F,  there  was  a difference  of  only  8% 
between  the  tests  at  the  two  laboratories.  In  all  cases, 
the  Connecticut  Hard  Rubber  Co.'s  average  shear-test  results 
were  slightly  lower  than  those  obtained  ut  wADC. 

The  actual  average  deviation  of  Connecticut  Hard  Rubber  Co. 
tests  from  VvALC  tosts  is  as  follows: 


Snell  422-V-28 

Room  Temperature  -3.8% 

5<J0°F  -8.0% 

Dow  Corning  X-6719A 

Room  Temperature  -2.5% 

It  is  concluded  that  the  exchange  of  shear  test  data 
between  Connecticut  ward  Rubber  Co,  ana  VvhDC  laboratories 
will  be  directly  comparable  and  die  re  fore  it  will  not  be 
necessary  for  one  to  recheck  the  other’s  results. 
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EXPLANATION  OP  THE  TAfcLES 


Koy  numbers  are  used  throughout  the  tables  to  describe 
cleaning,  priming,  and  anodizing  methods.  These  methods 
are  described  in  the  section  of  this  report  titled  "Methods 
for  Preparation  and  Shear-Testing  of  Experimental  Structural 
Adhe  s ivo 3 . " 
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TABLE  - 1 


EVALUATION  05’  SILiUONE  ELASTOMERS  AS  EXPERIMENTAL 
STRUCTURAL  ADHESIVES  For.  ALUMINUM 


Cure 


Press  Qven 


Panel 

Clean- 

Prim- 

Adhesive 

Hr. 

°F 

HrT  rF  Avg,C*1 ,)A 

Aver.  Shear 

Set 

lag 

ing 

Compo- 

lbs. 

Tlate  Line  Thick-  Strength, 

Bond 

Failure 

No* 

Method  Method 

sition 

Pressure 

ness, Mils 

psi*70°F 

Adh$ 

Coa% 

32U 

C-l 

P-ii 

GE-SS-61i 

* 

250 

16  300 

3 = 5 

287 

0 

100 

325 

M 

DC-110 

tt 

tt 

tt  i* 

7 c 

i • 9- 

(.17 
**««•  » 

n 

100 

326 

It 

DC-112 

tt 

n 

ii  it 

8 

37a 

0 

100 

31 

tl 

P-1 

SS-15 

tt 

tt 

2 UQo 

r* 

P 

232 

50 

50 

2.500 

ft 

n 

ii 

V 

250 

10  U8o 

12 

0 

100 

0 

5.000 

3U 

•1 

it 

it 

tl 

tf 

72  ^80 

7 

100 

50 

50 

21 

u 

II 

CHR-251 

250 

None 

7 

13a 

II 

•! 

-vv> 
X 1 L»uv.t 

26 

tt 

n 

II 

9 

It 

ii 

U-l  300 
20  U60 

a 

308 

r 

II 

22 

tt 

:i 

CHP.-259 

tl 

ii 

None 

3 

128 

n 

II 

/%  T* 

it 

it 

it 

tl 

n 

aj  30C 
20  aeo 

a 

178 

11 

It 

I.ft 

»*— 

tt 

it 

XC  -??0 

1 

300 

a 300 

No 

Bonds 

6.000 

U9 

n 

n 

XC-276 

tt 

t; 

II  II 

No 

Bonds 

2k 

tt 

tt 

XC-6708 

V 

250 

None 

3 

111 

100 

0 

2.000 

30 

tt 

it 

XC-6708 

250 

2 265 

3 

55 

100 

0 

(23  "^Solids) 

2.500 

2 a7o 

33 

tt 

n 

it 

250 

io  aso 

.12 

0 

100 

0 

5.ooo 

1U0 

tt 

None 

Chlorinated 

* 

250 

12  300 

■5. 

** 

285 

0 

ICO 

Silicone 

IX  1 

■%  I 

-U*jL 

tt 

P-U 

tt 

tt 

tt 

ii  it 

3 

300 

0 

100 

136 

tt 

None 

Chlorinated 

Silicone 

Tt 

ft 

it  ii 

3 

0 

50 

50 

XVII 

23 

ft 

P-1 

X-6719A 

\ 

tt 

None 

3 

80 

100 

0 

2,000 
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1 (Contd.) 


Oven 


Hr. 

~rFi 

Avg.Glue 
Line  Thick- 
ness, Hils 

Avg, Shear 
Strength, 
psi, 70° P 

Bond  Failure 
Adh$  Coh£ 

12 

3oO 

3 

330 

75 

25 

*t 

it 

2 

U05 

60 

20 

20 

U60 

2 

200 

100 

0 

72 

U80 

3 

80 

100 

0 

hi 

20 

300 

U80 

U 

C4V 

100 

0 

it 

n 

3 

270 

n 

II 

12 

300 

2 

205 

30 

70 

H 

n 

2 

300 

eo 

20 

17 

300 

3 

205 

100 

0 

\ 

l On 

T_ 

50 

w 

it 

16 

300 

2 

<M^n 

it 

it 

21* 

1*80 

1 

10 

tt 

it 

16 

300 

3 

275 

tt 

it 

2i* 

n 

1*80 

n 

3 

3 

230 

125 

« 

tt 

tt 

tt 

i 

I 

J 


TABLE  I - ( Contd, ) 


Curs 


Pres 

3 Oven 

Panel  Clean- 

Prim- 

Adhesive 

Hr 

*F  HrT""* 

F Avg.Glue 

Avg. Shear 

Set  ing 

ing 

Compo- 

lbs. 

Plate 

Line  Thick- 

- Strength  Bond  Failure 

Ho.  Method  Method 

sit ion 

Pressure 

ness, Mile 

nai. 70* F 

Adh,;» 

Cohjfc 

190  0-1 

P-U 

Same  as  189+ 
1 coat  10% 
X6719A  Soln. 

* 

250  2k 

O 

OO 

27? 

100 

0 

191  " 

ft 

Same  as  189 
scrim  primed 
with  CHii  260 

t! 

t!  tt 

•:  >« 

55 

n 

192  » 

n 

Same  as  191+ 
1 coat  105S 
X6719A  Soln. 

tt 

« it 

t!  tt 

325 

70 

30 

Footnote: 

1.  The  chlorinated  silicones  were  chlorinated  General  El^et.rir  SK-76 
( polydiasthylsilexisne ) 

IX  Cl  atoms?  Si  atoms  ■ 1, 1*9*1 
XVII  " " - 1.32:1 

All  other  adhesive  compositions  mentioned  are  described  in  the, Appendix 
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TABLE  - 2 


EVALUATION  OF  X6?19-A  ADHESIVE  ON  STAINLESS  STEEL 


Avg. Shear 


Panel 

Clean- 

Prim- 

Adhesive 

Cure 

Glue  Line  Strength , 

Set 

ing 

ing 

Composi- 

Press 

Oven 

Thickness, . 

psi 

Bond 

Failure 

Nrt,l 

Method 

Method 

ti.cn 

Hr 

. ®F 

Hr,  0 

F Mils 

Adhl 

Coh& 

115 

n tf 

P-Ji 

X6719-A 

1 

2 

250 

12 

2/5  3 

653 

70 

f'A 

50 

(100,1) 

116 

ft 

ft 

n 

:: 

11 

n 

" 5 

875 

70 

75 

25 

113 

C-6 

II 

?i 

ii 

II 

? 

300  2 

U)x2 

70 

100 

0 

120 

n 

ft 

ii 

ii 

II 

ii 

" 2 

510 

70 

100 

0 

122 

Metlprep 

It 

if 

ii 

Jl 

n 

" 2 

320 

70 

70 

■an 
^ * 

Soln. 

n 

liii'A-D)  C-5 

ft 

II 

ii 

il 

tl 

" 3 

U05 

75‘ 

■»  A A 

J-*  n j 

n 

u 

11U(E,F)  « 

It 

n 

ii 

II 

n 

» U 

260 

527; 

100 

0 

m(G,H)  " 

II 

it 

it 

II 

n 

" 3 

230 

3872 

100 

0 

Notes i 

1. 

Test  panels  of  0 

*036  in.  1 

CO 

o& 

steel  (MIL-S-5059),  1 in. 

x U 

in. 

O' 
«-  • 

'TV*  omAnAn 

pie  on 

front  of  u 

anel  for  lli*(E,F)  end  on  back 

of  panels 

for  llli  (G,H). 
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TABLE  - 3 


THE  EFFECT  OF  JPRInii.Ro  ON  SHEAR  STRENGTH 
OF  ELASTOMERIC  STRUCTURAL  ADHESIVES  ON  ALUMINUM 


P'inel 

Set 

No.1 

Clean- 

se 

Method2 

rrlro- 

ing 

Method2 

Adhesive 

Compo- 

sition 

Cure 

Pi'hss  Oven 

Hr.  'P  Hr,  *F 

Avg.Glv.ie 
Line  Thick- 
ness! Mils 

Avg. Shear 
Strength, 
psi  JO°F 

Bond 

Failure 

AdhgCoh# 

5U 

C-l 

DC-796  X6719-A 

(50SSolids) 

X. 

4 

1 

250 

None 

No 

Bonds 

57A 

n 

•1 

ft 

n 

tt 

None 

1 

3 

100  0 

62  A 

n 

DC- 796+ 
HpO  wash 

it 

tt 

tt 

h 

300 

n 

1 

92 

50  50 

62B 

u 

DC-796 

n 

n 

tt 

it 

it 

7 

Uw* 

100  0 

57B 

"• 

n 

11 

tt 

It 

16 

n 

10 

UO 

11  ‘i 

55 

H 

11 

it 

tt 

tl 

h 

h 

»i  + 

L18O 

13 

7 

tt  tt 

57C 

n 

ii 

«• 

M 

«l 

1 A 

A.  — 

n 

5 

15U 

11  n 

60(A) 

n 

II 

11 

II 

tt 

II 

ti 

7 

10 

it  11 

58a 

1: 

P-1 

it 

tl 

It 

None 

10 

9 

II  !! 

63A 

n 

P-1  ♦ 

HpO  wash 

n 

tl 

tt 

1 

u 

300 

7 

16? 

0 100 

63B 

H 

P-1 

tt 

It 

It 

II 

n 

7 

1U2 

IOC  0 

?OH 

tt 

n 

ti 

It 

Ii 

16 

n 

10 

9 

n n 

64A 

n 

B 

it 

II 

tt 

11 

11 

3 

0 

1!  It 

66a 

tl 

n 

11 

tt 

II 

II 

n 

h 

196 

50  50 

68a 

II 

n 

11 

II 

II 

18 

11 

6 

700 

ICO  0 

56 

n 

11 

H 

It 

II 

U 

u 

" + 
1.  On 

14  w 

1 

21 

II  It 

70A 

n 

11 

II 

T? 

ft 

II 

It 

5 

350 

II  II 

58c 

it 

n 

II 

tl 

tt 

16 

tt 

15 

7U 

II  II 

61 

11 

ii 

II 

ti 

it 

•» 

•I 

5 

168 

II  It 

6iiB 

11 

P-2 

II 

II 

tt 

tt 

300 

k 

80 

It  II 

66b 

11 

11 

II 

II 

It 

It 

It 

6 

li9 

11  II 

68b 

n 

ti 

II 

II 

II 

18 

ft 

6 

1025 

5c  50 

70B 

ti 

11 

11 

II 

It 

1 

a 

L80 

A 

h50 

100  0 

65A 

n 

F-U 

11 

tt 

ft 

16 

300 

h 

165 

50  50 

67A 

n 

ti 

II 

♦t 

tl 

it 

tt 

h 

0 

100  0 

69A 

11 

n 

II 

I! 

tt 

18 

tt 

5 

550 

50  50 

7iA 

11 

it 

II 

tt 

It 

h 

1*80 

6 

750 

« n 

83A 

r«_0 

u-. 

it 

n 

!■ 

11 

60 

300 

A 

C. 

U68 

ICO  0 

65B 

C-l 

P-5 

n 

tt 

M 

16 

tt 

k 

155 

50  50 

67  B 

« 

n 

1; 

tt 

n 

n 

n 

6 

20 

100  0 

696 

n 

ti 

t> 

1? 

tt 

18 

11 

5 

730 

vrv 

0 

o' 

719 

H 

ti 

11 

ti 

tt 

U 

U80 

5 

600 

100  0 

85 

0-2 

DC-796 

X 6719-A 

It 

tt 

20 

300 

U 

670 

70  30 

87 

C-l 

it 

n 

It 

»i 

it 

tt 

li 

610 

ti  it 

89 

C~2 

11 

ti 

tt 

tt 

n 

n 

5 

590 

n n 
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TABLE  •*  3 (Contcw  / 


Panel 

Set 

1 

•*w» 

Clean- 

ing 

Method® 

Prim-  Adhesive 

ing  Compost-  Press 

Method^  tion  Hr„  4 

Cure 

Oven 

F Hr.  *F 

AvgoOlue 
r,ina  Thick- 
ness, Mils 

Avg.,  Shear 
Strength, 
psi  S?0CF 

Bond 
Failure 
Adh*  Cob# 

109 

C-l 

P-4  X 6719-A 

A 

> 

250  12  300 

10 

bbO 

100 

0 

110 

C-2 

ii  n 

n 

11 

11  it 

13 

390 

it 

II 

101 

ii 

it  n 

»t 

II 

16  " 

u 

930 

?U0 

80 

20 

102 

C-l 

n ii 

n 

II 

n 11 

u 

50 

50 

6b 

C-2 

n ii 

11 

11 

20  " 

1 

313 

100 

0 

92 

None 

ii  ii 

11 

H 

11  n 

b 

350 

II 

it 

833 

C-2 

ii  ii 

11 

11 

60  » 

900 

n 

97 

C-l 

ii  n 

11 

II 

6b  « 

d 

650 

60 

20 

98 

C-2 

n ii 

11 

It 

n it 

ll 

760 

50 

50 

1L1 

C-l 

it  ii 

11 

Vi 

2 b80 

15 

270 

100 

0 

96 

•! 

CO 

il 

11 

16  300 

3 

boo 

. It 

n 

86 

C-2 

II  ii 

It 

il 

20  " 

U 

720 

tv 

30 

68 

C-l 

it  n 

•t 

11 

n n 

3 

710 

11 

it 

90- 

C-2 

n ii 

If 

n 

ii  ii 

b 

670 

11 

11 

93 

C-l 

None  " 

II 

11 

16  » 

3 

270 

75 

25 

300 

if 

it  n 

II 

11 

II  II 

6 

685 

50 

50 

303 

II 

n ii 

ii 

11 

11  tl 

b 

715 

II 

n 

306 

n 

H II 

11 

n 

ft  n 

5 

312 

100 

0 

91 

None 

It  II 

11 

n 

20  » 

5 

360 

tl 

II 

16U 

C-l 

1 coat  10‘S  » 

X6719-A 
cured  10  min 
€300"? 

t: 

11 

12  " 

2 

85o 

70 

30 

163 

a 

P-U+as  in  l6U  " 

11 

tl 

»!  11 

2 

GOO 

II 

II 

178 

B 

" SB-100 

n 

11 

1!  II 

b 

250 

100 

0 

179 

ii 

" CHR-25? 

Tl 

11 

h*  II 

3 

ul5 

II 

II 

180 

n 

ti  ii 

11 

11 

11  II 

3 

205 

II 

II 

170 

n 

2 coats  10£  X6719-A" 
X6719-A  cured 

10  min  £300"? 

11 

II  II 

2 

175 

II 

n 

171 

it 

Same  as  170  " 

except  cure 
1 hr  ^OO9? 

It 

it 

II  tl 

3 

2b0 

II 

11 

172 

n 

S3me  as  170  " 

except  cure 
1 hr  §b80°? 

It 

Tt 

n 11 

U 

295 

ii 

it 

185 

u 

2 coats  10£  " 

X 6719-A  cured. 

1 hrC'3009F  each 

II 

II 

15  " 

4 

530 

II 

11 

186 

n 

1*  costs  S3 

per  165 

!l 

IV 

it  11 

3 

5h5 

II 

11 

18? 

«i 

P-b  + 185  r 

II 

II 

II  ?r 

3 

500 

II 

ii 

188 

« 

p-b  + 186  " 

II 

11 

II  II 

3 

530 

75 

25 

173 

il 

P-U  +170  » 

II 

11 

12  « 

3 

b5 

100 

0 

n 


i 
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eu 


Contd. ) 


|e_ Avg,Glue  Avg. Shear  Eond 

Oven  Line  Thick-  Strength,  Failure 

Hr,  *F  ness, Mils  psl  g70*F  Adtq  Coh% 


12 

300 

2 

50 

100 

0 

n 

ii 

3 

175 

n 

n 

16 

n 

5 

35 

ii 

El 

« 

« 

6 

156 

n 

ii 

n 

ii 

6 

35 

ii 

ii 

it 

ii 

7 

35 

80 

20 

n 

n 

k 

ho 

90 

10 

ii 

ti 

** 

i 

30 

100 

0 

12 

ii 

V 

297 

ii 

ii 

■1 

n 

2 

0*47 

< 

n 

II 

II 

n 

3 

620 

n 

It 

II 

n 

3 

1^0 

50 

50 

ti 

ii 

3 

U55 

80 

20 

15 

ii 

3 

U3C 

0 

l? 

ii 

h 

850 

II 

II 

15  " 

3 

300  » 

ii 

ii  n 

U 

280  « 

f? 

I 

I 

I 


I 

1 


? 

I 


16  » h 150  75  25 

i 

12  '•  3 290  100  0 

18  « 3 10  « » 

21;  U80  8 108  " " 


TARLB  - 3 (Contd.) 


Panel 

Clean- 

Adhesive 

Cure 

Avg.Glue 

Avg. Shear 

Bond 

« _ j. 

QUO 

ing  „ 

n — i 

4 lidilXllg 

Method1 2 

W««|' 

Press 

Oven 

Line  Thick-Strength, 

Failure 

No.* 

Method2 

sition 

Hr. 

•F  Hr, 

"F 

ness,  Mils 

psi  @ 70*  F AdhtCol 

293 

C-l 

P-l+SR-323 

X 6719-A 

* 

250  16 

300 

7 

35 

80  20 

299 

n 

SR-323 

n 

II 

tl 

II 

it 

5 

35 

100  0 

300 

it 

None 

it 

It 

11 

t! 

it 

6 

685 

5o  5c 

301 

n 

P-U+ DC-9963 

n 

II 

II 

It 

it 

1* 

1*0 

90  10 

302 

ii 

DC-9963 

n 

If 

II 

It 

it 

6 

156 

100  0 

303 

n 

Rone 

tt 

It 

ft 

II 

it 

U 

715 

50  50 

30U 

II 

P-U+DC-99U3 

it 

II 

If 

•* 

tt 

7 

30 

100  0 

305 

It 

DC-991*3 

« 

It 

It 

tl 

ii 

6 

35 

100  0 

306 

Notes 

P 

• 

• 

None 

ii 

tt 

II 

It 

it 

5 

312 

100  0 

1.  All  panels  were  A-l  aluminum 

2.  Cleaning  methods  C-l  and  C-2  and  priming  methods  P-1  through  P-6  are 
described  in  detail  in  Section  VI  of  this  report. 

3.  ftesxn  layer  was  exposed  at  150“ F for  1 hour  to  completely  evaporate  the 

solvent  and  350“ F for  1 hour  to  partially  cure  before  rubber  was  applied, 

Resin  primer  layer  was  kept  down  to  one  mil  thickness.  Resins  were  applied 
as  10;4  xylene  solutions. 


TABLE  - U 


EVALUATION  OF  ANODIZING  AND  SILICONE  SEALING 
AS  SURFACE  PREPARATION  OF  ALUMINUM 
( X6?19-A  Elastomeric  Adhesive  Used  for  all  Tests) 


Cure 


Panel 

Anodizing 

Priming  JPre 

S3 

Oven 

Avg.Glue 

Avg. Shear 

Set 

or  Clean- 

cr  Seal-  Hrs. 

Hrs. 

°F 

Line  Thick- 

Strength  Bond  Fax lure 

No. 

ing  Method  ing  Method 

ness, Mils 

psiff?0°F  Adh% 

Coh% 

153 

E-l 

No  Sealing  5 

250 

AJ 

30G  3 

L60 

100 

0 

166 

ft 

n n it 

St 

tt 

it 

2 

L60 

tt 

0 

l5l 

tt 

GE  81319  oil  « 

tt 

12 

1! 

2 

680 

tt 

0 

159 

it 

#151  + H2O  Seal  '• 

ft 

n 

It 

- 

<1100 

50 

50 

25U 

tt 

Dimethyl.  Tetra-  " 
mer+air  dry 

tt 

tt 

'’i 

3 

570 

100 

0 

165 

1! 

Dimethyl  Tetra-  " 
mer  contn- catalyst 
for  polymerization 

** 

tt 

It 

2 

725 

tl 

0 

n CU 
iWU 

13 

#165  «•  Hj,C  Seal  " 
GE  CM -61  oil  " 

It 

n 

It 

1 

155 

II 

tt 

155 

tt 

It 

13 

tl 

3 

130 

It 

n 

mulai.:*. 

l 1*9 

fl 

Linde  GS-1  Resin  " 
Bmilsion 

ft 

12 

n 

2 

220 

11 

II 

150 

N 

#1U9  sealed  « 

30  mir*. 

It 

tt 

n 

3 

300 

II 

II 

169 

It 

G-2  Silicone  " 

Oil,  10% 

It 

t! 

tt 

3 

180 

II 

tl 

152 

it 

CHR  260  10%,  " 

not  sealed 

it 

13 

It 

3 

200 

t! 

II 

156 

n 

#1 5?-3  coats  " 

•I 

15 

It 

c: 

* 

270 

tt 

(1 

157 

tt 

CH3S1C13,  " 

3 coats,  II2O 

tl 

'1 

It 

2 

150 

0 

100 

wash,  air  dry 
between  coats 

158 

It 

(CH3)2SiCl2,  " 

Same  as  #157 

It 

tt 

It 

U 

110 

11 

It 

l6o 

tt 

(C6H5)2Si(OH)2,  " 

3%, dried, HgO 

tl 

13 

It 

2 

270 

60 

hO 

sealed 

160A 

11 

ti  11 

II 

56 

It 

2 

130 

t! 

II 

2U;2 

C-l 

P-L  " 

tl 

16 

It 

5 

1 

mo 

*1  s\r\ 

XVyvo 

0 

263 

C-3 

None  i 

250 

It 

tl 

9 

1U5 

100 

It 

2U3 

None 

None  i 

tt 

It 

If 

9 

80 

100 

II 

2U6 

E-la 

It 

U&  JI4.4.VWUP 

oil  811193 
GE  SF-96(500)^  " 

II 

V 

It 

6 

115 

100 

tl 

2U7 

tt 

tt 

If 

It 

h 

160 

100 

tt 

1 


1 


II 

II 

n 

U 


TABLE  - Li 

{ Contd , ) 

Panel 

Anodizing 

Priming 

Cure 

Avg.Glue 

Avg, Shear 

Bond 

Set 

or  Clean- 

or  Seal- 

Press  Oven 

Line  Thick- 

Strength 

Failure 

No. 

inc  Method 

ing  Method 

Hrs 

"F  Hrs. 

°F  ness, Mils 

psi07O“F 

Adhjb  Coh* 

2U8 

E-1r 

GE  Silicone  ^ 

oil  81392° 

-pt 

ft 

1 

r amor ^ 

I 

270 

C~1 

Dimethyltet-  i 

ramer-'  + P-1* 

1 

280 

E-la 

Himethyltet-  n 

ramer, Catalyzed 
with  potassium 
usopropoxide-'i  ^ 

I 

281 

ii 

3*  Soln, diphenyl-" 
sil?nediol  in  ace- 
tone 10  min. Groom 
temp.  H2O  sealed 
30  min©212°F 

t 

t 

282 

it 

Soln.  diphenyl- 
ailanediol  in  ace- 
tone 10  min  @ 
room  temp. 

1 

1 

i 

283 

ii 

3%  Soln.  diphenyl- 
silanediol  in 
toluene  10  min 
@212° F 

i 

281* 

ii 

Same  os  283  plus 
HjO  sealed  30  min, 
©212° F 

289 

ii 

GE  813923  +1J 
benzoyl  peroxide*’ 

! 

21*9 

n 

GE  61392  +0.1* 

benzoyl  peroxide? 

290 

n 

ti 

I 

291 

ii 

GE  813923*10* 
benzoyl  peroxide^ 

11*2 

E-2 

GE  81119  oil,  light 

Hi  2 A 

« 

11 

L 

ll*2B 

ii 

GE  SF-96  oil, 
heavy 

11*20 

•i 

it 

250 

16 

300 

1* 

207 

100 

0 

tt 

ft 

II 

8 

250 

100 

ti 

ti 

11 

II 

8 

1*00 

90 

10 

ti 

It 

II 

3 

75 

10c 

It 

n 

II 

II 

1* 

1*80 

100 

It 

II 

II 

It 
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206 

100 

ti 

11 

11 

11 

12 

110 

100 

it 

II 

II 

II 

22 

175 
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11 

II 

11 

U80 

16 

100 

100 

11 

1? 

11 

11 

8 

200 

100 

11 

11 

11 

u 

9 

100 

100 

11 

11 

II 

n 

1* 

11*1 

100 

II 

i n 
xc 

300 

1* 

130 

5o 

5o 

!! 

II 

11 

h 

1*90 

100 

0 

1! 

II 

ir 

h 

no 

50 

5o 

II 

II 

11 

U 

1*65 

3.00 

0 

> I 

? % 
i 


Notes: 

1.  Contact  pressure  only. 

2.  Clad  aluminum  (A-l) 

3.  Immersed  10  min.@250®F,  excess  wiped  off,  allowed  to  dry,  checked  for 

water  repellancy  to  verify  that  panels  were  sealed, 

1*.  Catalyst  prepared  by  heating  a solution  of  KOH  in  anhydrous  isopropyl 
alcohol  10  min,  © 250® F. 

5.  After  oil  sealing  the  benzoyl  peroxide  was  brushed  on  from  isopropyl 
alcohol  solution, 
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SILICONE  RESINS:  THE  EFFECT  OF  TIME  OF  CURE 

AT  L30°F  ON  THE  PHYSICAL  CONDITION 
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TA3IE  - 7 


MODIFIED  SILICONES  AND  COPOLYMERS: 


THE  EFFECT  OF  EXTENT  OF  CURE  ON  THE 


5ICAL  CONDITION 


Silicone 

Resin 


X-2605  Alkyd  Fluid 
Oil  Modified 
100-30-D  Alkyd  " 

Oil  Modified 
X-2608  Alkyd  " 

X-2720  Epoxy  " 

X-2292  Phenolic  •* 


Physical  Condition  After  Cure 

x Hr, OUGF?  ^Hrs,'iUb>->°E  h Hrs,.&CSjeF 

Semi-Solid  Solid,  cured  Same 


6 Hr-s@4gQ,,F 
Same; hard, brittle^ 


X-2292  Phenolic  •*  Semi-solid,  Solid-cured 

tacky 

V-!>$2  Modified  Slightly  Same  " 

Silicone  fluid,  tacky 

160-29-H  Claar  Soft, foamed  Semi-solid  " 

Silicone 

V-5U8  Modified  Slightly  Solid, cured  Same 

Silicone  fluid 

RS-556  Alkyd  FLuid  Serai-solid  Solid, cured 

Modified 


» ,!  Same;  fairly 

flexible 

» " Same; hard, brittle 

Semi-solid  Solid, cured  Same; flexible 
Solid-cured  Same  Same; flexible 


Same; fairly 
flexible 
Same; hard, 
brittle 
Same; hard, 
brittle 
Same; hard, 
brittle 


RS-513  Alkyd 


very  tecky 

160-25-D  Clear  Semi- solid,  Same 
Silicone  very  tacky 

Note3i 


Semi-solid,  Semi-solid  Solid, cured  Same: hard. 


brittle 
Same  3 


1.  Compositions  sre  listed  as  designated  by  the  supplier.  Midland  Industrial 
Finishtc  Co. 

2.  To  insure  complete  solvent  evaporation  and  prevent  foaming. 

3.  Remained  uncured  andtaokv  after  36  hours  S L80°F. 
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TABLE  - 8 


ROOM  TEMPERATURE  EVALUATION  OF  SILICONE  RESINS 
AS  STRUCTURAL  ADHESIVES  FOR  ALUMINUM 
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I 1C7 

it 

tt 

tt 

it  tt 

II 

II 

6 

L60 

60 

ao 

1 

■ 226B 

tt 

tt 

GE-813972 

None 

1 

500 

Brittle 

Hand  Broken 

j 

227 

It 

11 

SR-612 

tt 

1 

ajto 

lioiid 

Brckeny 

• 228 

tl 

11 

SR— 32^ 

tt 

If 

tt 

II 

tt 

J 

1 229 

If 

11 

DC- 803 2 

tt 

II 

t: 

6 

2603 

90 

10 

| 

230 

ft 

it 

DC-Soii2 

»» 

ii 

ti 

3 

1 1 r* 

-L4? 

tt 

tt 

J 

231 

t: 

11 

DC-9962 

n 

tt 

ff 

8 

515 

M 

it 

« 

1 232 

tl 

n 

DC-210U2 

ti 

II 

tt 

6 

260 

tt 

tt 

r 

' J 

233 

it 

ti 

DC-21032 

II 

it 



Hand 

Droken3 

l 

23U 

tt 

11 

DC-21052 

\ 300 

tt 

ti 

— — 

II 

u 

<T*f 

1 

253 

it 

None 

DC-996 

ii  11 

23 

a bo 

10 

l600 

100 

0 

J 

25h 

it 

P-U 

11 

11  11 

21 

aeo 

O 

u 

JL  7W 

11 

it 

OCK 

tl 

11 

SR-32 

11  11 

23 

a8o 

a 

9L5 

tt 

it 

i 

1 

256 

it 

ii 

11 

11  11 

U8 

tt 

a 

iaao 

tt 

it 

£ 

] 

1 257 

it 

ti 

11 

11  11 

72 

n 

a 

1350 

*.? 

tt 

*4 

256 

tl 

None 

DC-996 

Note^ 

16 

tt 

10 

1830 

tt 

tt 

1 

261 

tt 

p-u 

1! 

If 

20 

it 

a 

1825 

tt 

it 

rv  '*i 

lOi  I 

1 262 

ft 

None 

II 

ft 

11 

n 

a 

1350 

tt 

ti 

.-"W  >•  4 

*»■•{ 

266 

tt 

P-L> 

DC- 602 

II 

* 

6 

1375 

11 

tt 

26? 

fl 

None 

11 

ft 

* 

i. 

1275 

tt 

ti 

is? 

fe 

K:J 

J 

Ai-». 

Sv 

1 
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TABLE  - 3 ( Could. ) 


Cure 


Panel 

Set 

Ho. 

Clean-  Prim- 
ing ing 

Method  Method 

Adhesive 

Compo- 

sition 

Press 

Hr.  '8T_ 
lbs. Plate 
Pressure 

Oven 
Hr'.'  “F 

Avg . Give 

Line  Thick- 
ness, Mils 

t • ** 

Su  en^th, 
psi£?0°F 

Bond 
Adh  % 

Failure 

Coh£ 

268 

0-1 

P-U 

DC-99U 

Hote^ 

♦ 

7 

1U60 

100 

0 

269 

If 

None 

It 

II 

♦ 

n 

1 

1500 

It 

n 

265 

II 

P-U 

X-6l 

n 

-t 

2 

850 

•1 

ti 

286 

t? 

None 

II 

t; 

T 

5 

975 

II 

287 

II 

P-U 

X-62 

11 

1 

2 

1U80 

IJ 

If 

286 

II 

Hone 

11 

11 

+ 

7 

1300 

II 

II 

292 

II 

None 

81390 

n 

16 

U80 

7 

925 

11 

293 

It 

P U 

II 

ti 

«« 

•• 

5 

990 

It 

If 

265 

it 

ii 

II 

it 

VI 

It 

8 

1750 

It 

ft 

295 

ft 

mT  „ 

»* 

SR-17 

ti 

II 

C. 

O 

95o 

ti 

11 

297 

II 

P-U 

ft 

it 

•1 

:: 

5 

900 

•» 

M 

n 

II 

II 

11 

li 

ti 

\. 

u 

1050 

II 

It 

~ 1 Q 

It 

•• 

SR- 61 

1! 

It 

11 5 

3 

U50 

It 

ft 

319 

n 

None 

»• 

I* 

II 

iih 

n 

c 

265 

ft 

ft 

320 

11 

P-U 

SR-9fl 

a 

n 

II 

6 

r a c* 

r 

ft 

OOI 

<1.  j. 

11 

None 

ft 

tl 

It 

II 

6 

760 

M 

26U 

C-3 

11 

SR-32 

ft 

36 

11 

lU 

570 

it 

II 

26^ 

!l 

11 

DC-996 

11 

II 

1! 

7 

1920 

ioUo 

11 

II 

273 

M 

!T 

SR-32 

11 

72 

It 

21 

11 

27U 

II 

it 

DC-996 

ft 

72 

It 

25 

1UU0 

11 

II 

275 

II 

11 

SR-32 

II 

It 

-5 

1000 

ll 

2?6 

II 

it 

DC-996 

It 

II 

II 

10 

1700 

v 

n 

277 

II 

Dimethyl-SR-32 

tetramer° 

ft 

II 

it 

5 

1000 

11 

It 

276 

Notes 

t» 

II 

DC-996 

ft 

II 

II 

16 

900  Adhesion  not 
complete 

1.  Test  panels  were  A-l  aluminum. 

2.  With  glass  scrim. 

3.  Resin  ran 

U.  For  all  panel  sets  numbered  above  250  the  handling  prior  to  joining  and  even 
curing  was  as  follows*  The  separate  panels*  painted  with  resin,  were  heated 
a minimum  of  two  hours  at  1500F  tu  insure  complete  solvent  evaporation  plus 
V hour  at.  300°F  to  '’advance"  the  cure.  Panels  were  placed  in  jig  and  joined. 
Those  which  were  not  still  soft  at  this  point  were  placed  in  the  press  at 
contact  pressure  at  300° F to  soften  the  resin  and  join  the  bonded  area  prior 
to  curing  at  U80"F. 

♦Approximate  oven  cure  was:  -f  Cured  @ U80°F*  6 hr*,  in  jig 

U hours  ® U806F  ♦lii  hrs.out  of  jig. 

+20  hours  © 550° F 
+?U  hours  © 600°F 
+20  hours  © 65o°F 

5*  Cur;;  advanced  3/U  hour  at  3001 F. 

6.  10  minutes  © 250° F. 
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TABLE  - 10 


HIGH  TEMPERATURE  SHE.'R  STRENGTH  OF  SILICONE  RESINS 


Panel  Set,  No. 

n,.-« 

ivuua 

1st  2nd 

Adhesive 

Composi- 

A.  4 . 

uxun  « 

Resin 

Shear 
Strength, 
psi  @70°  F 
Runs 

1st  2nd  Avg. 

Shear 

Strength, 

— . « « 1 f"V*\0  TT< 

s/  a 

Runs 

1st  2nd 

Avg,$ 

*PV*  r»1 

A *»V»  •>»«« 

Effici.  - 
Av  p • cn  cy  7 

Shear 

Strength, 

. psi@500*F 

Pnno 

1st  2nd  Avg. 

Avg.% 

Thermal 

Effici- 

7 

pnrv  * 

383 

U02 

G.E. 

81359 

690 

1100  11001 

No 

550 

5501 

50 

No 

260  2601 

22 

Bond 

Bond 

3652 

ni.390 

1750 

90 

5 

» ^ -s 

Ci  •)ni 

■ 

•;  mC 

*•  r>  rf  n - 

c-50 

n~*T\ 

t \ /Vi 

••'I  > 

375 

370  375 

36 

36 6‘ 

SR-17 

1050 

50 

5 

319 

SR-6l 

275 

*10 

3 

385 

SR-3C 

No 

Bond 

386 

hOL 

SR-82 

7s0 

77n  -?£j  \ 

1 . 1 w ** 

•4-kV/ 

1 

61 

-Uj< 

150  230 

so 

321 

SK-98 

770 

200 

26 

Dow  Coming 

601 

666 

DC-60-C 

870 

760  815 

650 

370 

610 

50 

325 

260  290 

36 

337 

U05 

DC- 601 

1665 

1290  1370 

370 

520 

645 

32 

120 

260  180 

13 

388 

DC-802 

1655 

70 

5 

100 

7 

389 

DC- 503 

i65o 

690 

66 

270 

19 

615 

Ll8 

DC- 806 

630 

850  860 

600 

320 

360 

63 

360 

375  360 

63 

✓ - 

DC-935 

1200 

50 

6 

358 

DC-993 

1900 

50 

3 

390 

DC-996 

1170 

60 

5 

100 

9 

606 

h?7 

DC-996 

1360 

1070  1205 

200 

220 

210 

17 

160 

160  150 

12 

695 

DC-597 

785 

300 

35 

120 

15 

391 

636 

DC-1088 

950 

1100  1025 

200 

250 

225 

22 

90 

60  75 

7 

396 

U37 

DC-1089 

760 

1670  1115 

210 

320 

265 

26 

120 

60  90 

8 

697 

503 

BC-1360 

1760 

2550  2155 

220 

600 

610 

19 

150 

110  130 

6 

395 

638 

DC- 2103 

1120 

1120  1120 

980 

820 

90c 

60 

650 

62c  635 

39 

392 

660 

DC- 2106 

700 

760  720 

600 

560 

670 

65 

28-0 

0 Qr\  oOrv 
tcv  i-  WV 

39 

393 

661 

DC-2105 

1050 

1060  1065 

770 

680 

625 

An 

260 

290  265 

26 

49': 

502 

DC-2106 

790 

790  790 

615 

620 

520 

66 

330 

310  320 

61 

39? 

662 

XR-100 

1120 

1070  1095 

650 

750 

? 00 

66 

285 

350  320 

29 

350 

360 

XR-261 

6u0 

icoo  900 

ICO 

11 

352 

•sAo 

XR-398 

1750 

1950  1850 

l.n 

2 

399 

666 

XR-563 

1130 

9V0  1020 

530 

590 

560 

55 

230 

260  235 

25 

4*a/ 

665 

XR-566 

930 

760  835 

570 

600 

585 

70 

330 

320  325 

3? 

365 

Xk-607 

lit  80 

70 

5 

396 

663 

XR-856 

1070 

640  755 

70 

20 

65 

10 

50 

10  30 

6 

Linde 

286 

X-6l 

970 

110 

11 

288 

X-62 

1260 

80 

7 

398 

X-63 

970 

890  930 

690 

610 

650 

68 

260 

260  250 

27 

312 

Y-1063 

1100 

60 

6 

316 

Y-1066 

1330 

20 

2 

VJ  'DC  7R  0 
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1.  One  value  only. 

2.  P-U  primed.  Ail  others  were  not  primed. 

3.  Four  bonds  made  up  each  run  - two  tested  at  70° F - one  tested  at  300° 7 - 

one  tested  at  590°  F, 

h.  All  bonds  were  given  solvent  evaporation  1 hr.  at  150°F  plus  } to  1 hr. 
advance  cure  at  300® F except  sets  No.  393  and  Uil}  which  were  given 
solvent  evaporation  of  16  hrs.  at  70°F  and  no  advance  cure. 

5.  All  bonds  were  press  cured  at  contact  pressure  15  to  30  minutes  at  300*F. 

6.  All  bonds  were  oven  cured  16  hrs.  at  1a80°F. 

7.  % Thermal  efficiency  - Shear  strength  at  elevated  temperature 

Shear  strength  at  ?0°F. 
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TABLE  - 11 

THE  EFFECT  OF  TEST  TEMPERATURE  ON  SHEAR  STRENGTH  OF  DC-996  RESIN 


i 


l 


Panel  Set  Noj  323 
Cleaning  and  Priming:  A-l,  C-l,  P-L 

Adhesive  Composition:  DC-996,  5 0 % in  xylene 

Cure:  1 Press  - 30  mink@??0*K  contact  pressure; 

Oven  - 16  hrsj®460"F 


Avg.  Shear 

Avg.  Glue 

Temp. 

Strength, 

Line  Thick- 

*F 

psi 

ness,  Mila 

76 

^ 1 nn 
j-4;w 

J 

100 

1180 

h 

125 

700 

3 

i5u 

350 

3 

T *»c' 
-MW 

200 

h 

200 

170 

h 

250 

130 

3 

.1.  Prior  to  .joining  the  separate  panels,  painted  with  resin,  ’were 
neaeeu  one  hour  at  IpO"  ? to  evaporate  solvent  and  1 hour  at 
300° F to  "advance"  the  cure. 
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TABLE  - 12 


KVALHATION  OF  AWQDI2ING  AS  SiiRFACE  PREPARATION  OF  ALUMINUM 
FOR  BONDING  WITH  RESINS 


Avg. 

Pan fil  &nodi?—  -Seal—  "Advance”  Adhs?ivs  Curs  Glu0  Avg, Shear  Bond 

Set  ing  ing  Cure  Ccmpc-  Press  Oven  Line  Strength  Failure 

No.  Method  Method  Hr,  ' P sition  Hr.  0 F Hr.  s ;*  Mil  psi  @°F  Adh^Coh/B 


161  E-l 


W5<2 

.JX\ 

356,  dried, 
H?G 

!< 


DC-803  h 250  13  300  2 


Brittle 


163A 

35U 

II 

E-l* 

II 

ns 

a 

4. 

ii 

350 

160-30- 

It 

It 

tt 

300 

II 

16 

It 

l.fln 

'-*—’** 

n 

1 

No  Adhesion 
1220  ?0  100 

0 

355 

» 

i» 

11 

11 

D Silicone 
Alkyd,oil 
Modif ied 
X-2608  « 

ii 

ii 

ii 

7 

2035  70 

II 

II 

358 

11 

n 

51 

Silicone 

Alkyd 

X-2720 

1? 

It 

II 

II 

5 

666  70 

II 

II 

380 

n 

it 

k 

300 

Silicone 

Epoxy 

X-2608 

II 

II 

II 

II 

0 

ns  10 

II 

II 

11 

11 

t? 

11 

If 

ft 

tl 

tt 

It 

1! 

11 

120  300 

tt 

II 

n 

n 

11 

ti 

II 

II 

II 

II 

It 

II 

«l 

160  500 

II 

It 

381 

If 

11 

it 

II 

X-2608+ 

It 

II 

It 

fl 

3. 

5 1090  70 

* ~ 

50 

II 

II 

11 

11 

II 

20pts  Al. 
dust 
11 

II 

II 

1! 

II 

2 

no  30c 

100 

0 

M 

It 

11 

?t 

it 

II 

M 

It 

ti 

ii 

- 

90  500 

11 

If 

OQO 

M 

it 

it 

II 

nr.-ooA 

If 

II 

II 

II 

0. 

5 70 

«» 

II 

II 

II 

11 

11 

11 

11 

»t 

II 

If 

ir 

1 

260  300 

11 

If 

1! 

t| 

11 

11 

II 

ti 

n 

I) 

ft 

11 

1 

160  500 

ti 

II 

366 

II 

•1 

1 

II 

II 

i» 

II 

fl 

II 

U 

115  70 

ti 

It 

367 

ii 

11 

11 

JJ 

Sft-32 

it 

II 

II 

II 

h 

195  70 

11 

II 

Note:  Solvent  evaporated  § 150° F prior  to  "advance"  cure  (partial  cure  of  resin 
before  asseiabling  bonds). 
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TABI.E  - 13 


COMPATIBILITY  OP  SILICONE  RESINS  WITH  SILICONE  ELASTOMERS 


10%  Low  Mol. Weight 


Resins*-** 

10JS  SE-76* 

polydiphenylsiloxene* 

loss  X 6719-A* 

DC-DGi 

Not  compatible 

Compatible 

Not  compatible 

DC- 802 

u 

n 

it 

DC- 803 

11 

tt 

it 

DC-8OI1 

it 

n 

h 

DC-935 

11 

i» 

it 

DC-993 

u 

it 

it 

DC-99b 

ii 

u 

it 

DC-996 

tt 

tt 

tt 

DC-2103 

it 

tt 

tt 

DC-210U 

tt 

tt 

:? 

DC-2105 

it 

n 

it  . 

XR-261 

tt 

tt 

it 

wr\  *'/\0 

AU-J^O 

ii 

ii 

tt 

XR-856 

tt 

tt 

tt 

SR-1/ 

tt 

it 

SR- 2 8 

it 

»i 

II 

SR-32 

it 

It 

II 

SR- 53 

tt 

tt 

It 

SR- 61 

11 

Ii 

It 

SR -80 

Compatible 

tt 

Compatible 

SR-82 

Not  Compatible 

17 

Not  compatible 

SR-96 

tt 

VI 

tt 

SR-02 

it 

It 

tt 

GE- 81369 

i« 

It 

tt 

GE-81397 

tt 

tl 

11 

X-6l 

tt 

tt 

tt 

1-62 

tt 

It 

it 

X-63 

II 

tt 

11 

X-1J4-A** 

tt 

tt 

it 

X-1UB-6U0**- 

It 

ft 

ii 

A-ltl-C-S-R- 

11 

it 

Y-10U3 

tt 

tt 

tt 

Y-lOhU 

tt 

t! 

Notes: 

* Solutions  in  xylene.-  iO£  SE-76  and  10£  ethyl  silicone  gum  are  compatible 
with  low  mol,  wt,  polydiphenylsiloxene. 

*-*  Starting  materials  for  polymerization  of  resins. 

Solutions  in  xylene  or  toluene.  Blending  was  done  by  shaking  the  solutions 
together  in  small  test  tubes.  The  development  of  cloudiness  or  layering 
was  considered  evidence  of  non-  compatibil ity. 


WA9C  TR  5U-9& 


101 


i 


3 

a 


s 

3 


I 


4 


if: 

4 


i 


f 


K 


\ 


t 


r 


I 


4;*?*  J **  'V- 


I 


I 


TABLE  - IU 


EVALUATION  Of  SILICONE  RUBBER-RESIN 
MIXTURES  AS  STRUCTURAL  ADHESIVES 


Panel 
Set 
No.  2 

Adhesive 

Composition1 

Oven 

t Zv* 

11*  a 

Cure 

* tp 

Avg.Glue 
Line  Thick- 
ness, Mils  - 

Avg, Shear 
Strength, 
psi, §70° F 

3ond 

Adh^ 

Fsi  lure 
Coh# 

75 

50  pts  X6719-A 
50  pts  DC-935 

1 6 

300 

6' 

U7 

50 

50 

271 

90  pts  Xo7iy~A 
10  pts  DC-993 
Mill  mixed 

!i 

a 

w' 

p 

175 

100 

0 

76 

50  pts  X671S-A 
50  pts  DC-210L 

ft 

t! 

Not 

Compatible 

Ilk 

90  pts  X6719-A 
10  pts  DC-210U 

tl 

it 

a 

60 

IOC 

0 

T(u 

it 

It 

6 

66 

100 

0 

ocTa 

*■> 

50  pts  X6719-A 
50  pts  SR-32 
Mill  Mixed 

it 

tt 

5 

on 

100 

0 

315 

50  pts  X 6?19-A 
50 -’pts  SR-60 

?o 

:: 

Panels 

.Tell  opart  -*  v 

not  tested 

316 

70  pts  X6719-A 
30  pts  SR-80 

Jt 

it 

n 

tr  tt 

H tt 

tt 

317 

90  pts  X6719-A 
10  pt.s  SR-80 

ft 

it 

ti 

ii  ti 

tl  tl 

ft 

CO 

Cs» 

58  pts  X6719-A 

1.0  CD.  PO 

16 

V 

No 

Bonds 

Notes: 

Except  where  mill  mixed,  X6719-A  was  dissolved  ir.  enough  toluene 
to  facilitate  blending.  Blends  were  held  at  room  temperature  20 
to  2h  hours  tc  evaporate  solvent.  The  mixtures  were  applied  with 
a spatula, 

2,  All  test  panels  were  A-l  aluminum,  C-l  cleaned,  and  p-U  primed. 
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TABLE  - 15 

THE  EFFECT  OF  MICA  FILLERS  ON  ROOM  TEMPERATURE  SHEAR 
STRENGTH  OF  DC-996  SILICONE  RESIN 


Panel 
No.  1 

Adh.  Condos. 
DC-996  with2 

Cure  £ 
L80°F3 

Glue  Line 
Thickness, 
Mils 

Avg. Shear 
Strength, 
psi,§  70° F 

Bond 

Adh% 

Failure 

Coh% 

309 

5 pts.  Mica  I 

16  hrs. 

c 

moo 

100 

307 

5 Pts.  Mica  II 

tf 

it 

1.500 

It 

310 

5 pts.  Mica  III 

17 

it 

1800 

It 

308 

DC-956  Control 

n 

3 

1720 

100 

327 

20  pts. Mica  I 

u 

3 

1500 

tt 

328 

20  pts. Mica  II 

it 

2 

S'* 

11 

329 

20  pts. Mica  III 

it 

1 

2050 

tl 

330 

DC-996  Control 

it 

1 

2100 

100 

331 

50  pts.  Mica  I 

H 

u 

1200 

tl 

332 

50  pts.  Mica  II 

ti 

5 

iJiOO 

II 

333 

50  pta.Kica  III 

1! 

3 

iit5o 

II 

V-)< 

DC-996  Control 

tt 

1700 

1 ;V> 

XW 

Notesi 

1.  All  panels  were  A-l, cleaned  oy  Method  C-l,  primed  by  Method  P-lt. 

(Methods  described  in  Section  VI), 

2.  Mica  I * 325  Mesh  White  Waterground  Mica,  Tne  Ehglish  Mica  Company, 

Stanford,  Conn. 

Mica  II  - Micro  Mica  C-3000,  The  English  Mica  Company. 

Mica  III-  Mineralite  - ground  White  Muscovite  Mica,  Mineralite  Sales  Corp. 

New  York,  New  York 

Base:100  parts  solids  DC-996 

3, Solvent  evaporated  at  150°F.  Resin  was  partially  cured  (|  hr.  @300° F)  prior 
to  assembling  the  panels  in  bonding  position. 

The  assembled  panels  in  the  jig  were  pressed  15  to  30  minutes  @ contact 
pressure  @300°F  to  "join". 
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TABLE  - 16 

* 

B 

VI 

£ 

i 

THE  EFFECT  OF  FILLERS 

ON  HIGH  TEMPERATURE  SHEAR 

1 

jt 

i 

m.  - 

STRENGTH  OF  SILICONE  RESINS  AND 

uOPCL  iuLTu? 

a 

3 

i 

II 

? 

Panel 

Adhesive 

Avg.Glue  Line 

Shear  Strength. 

Bond  Failure 

1 

\ 

| Set 

Composition: 

Thicknes 

s.  Mils 

psi  @ 

70°  F 

300®  F 

5oo° f q 

i 

® No.  3-,l* 

Resin  & Filler 

70®  F 300CF  500® 

F 70* F 300® F 500® 

F AdhSSCohZ  Adh£Coh,1 

AdhgCohiS  2 

j 

ta' 

X-2608  Silicone 

1 

1 

Alkyd  2,3 

1 

372 

None 

1 = 

1 

1656 

- 

100 

100 

0 

100 

0 im 

t 

„ 373 

20pts 

3.5  - 

9 

1 709 
/ - 

- 

70 

100 

0 — 

75 

25  I 

m 

1 37U 

50pts  »«  11 

r.5  - 

h 

n “ O*’ 

no  i 

- 

100 

100 

0 

ICO 

0 1 

<> 

m rtnr' 

j i P 

2 Opts  Kica“ 

8 - 

8 

1695 

- 

70 

100 

0 

75 

25  i 

1 

176 

50pts  » " 

2 - 

1 

1095 

- 

230 

100 

0 --- 

75 

25  i 

\ 

ft  377 

lOpts  Celite 

1 

1 

ii*oy 

- 

li*0 

100 

0 

50 

50  3 

■ 378 

10pt..»  {'antocel- 

-C  2 

2 

1002 

- 

280 

100 

0 

100 

C j 

379 

lOpts  Ti02 

1 

<L 

*537 

- 

1 70 

100 

0 — 

Cn 

50  i 

1 

DC-2105 

1 

L 

393 

None 

2 1 

2 

10L0 

620 

250 

100 

0 100  0 

100 

0 1 

1*69 

20pts  Al.dust 

1*  4 

h 

735 

540 

190 

100 

0 90  10 

on 
✓ w 

i°  2 

I 1*70 

50  " " » 

3.5  U 

h 

1160 

530 

31*0 

100 

0 90 10 

90 

10  1 

" 1*71 

20  " Mica  « 

3 2 

1330 

690 

21*0 

75 

25  1*0  60 

10 

90 

U72 

50  » « » 

1*  U 

3 

1070 

700 

270 

90 

10  80  20 

100 

c 3 

» 1*75 

10  'I  Celite 

1 3 

3 

121*0 

1*1*0 

250 

100 

0 50  5o 

QO 

10  I 

* U76 

50  » » 

1 1 

65o 

610 

310 

100 

0 80  20 

90 

10  $ 

m 

1*73 

10  " Santocel-i 

3 2 ^2 

<3 

1155 

1*00 

220 

100 

0 100  0 

100 

0 1 

1 

:.7i, 

20  " •• 

3.5  h 

1. 

1130 

320 

260 

100 

0 100  0 

100 

0 3 

F 

I 

I 

3 1*77 

10  I'  Ti02 

Hand  Broker. 

at  room  and 

nipb  tamoerature 

TL 
1 * 
J 

U?8 

$0  » 11 

vl  2 

«-l 

755 

5io 

320 

100 

0 90  10 

100 

A 

u « 

1 

i 

DC-80U 

I 

e 

1 1*15 

None 

ri  vi 

<1 

81*0 

l*oo 

300 

100 

0 100  0 

100 

0 f 

1 

l*i*7 

30pts  Al.dust 

2.5  1* 

5 

ns 

370 

350 

100 

0 100  0 

100 

] 

■ 1*1*8 

50pts  " " 

3 U 

3 

81*5 

590 

1*20 

100 

0 100  0 

100 

3 

1 

i 

1 1*1*9 

20pts  Mica 

2 2 

5 

~ Ors 

you 

650 

1*00 

-1  -*%/■*> 
J.UU 

0 100  0 

100 

0 

L50 

5Cpts  » 

'1  1 

2 

61*0 

510 

395 

100 

0 100  0 

100 

0 

* 

i 

. 1*5  3 

lOpts  Celite 

1»  h 

3 

108C 

890 

20 

100 

0 100  0 

100 

0 

j 

4' 

1 1*51* 

?Opts  " 

6 5 

1* 

935 

600 

15 

100 

0 100  0 

100 

0 

1*51 

20pts  Santocel- 

•C  0.5*1 

0 

825 

550 

390 

100 

0 100  0 

100 

0 

I 

1*52 

30pts  " 

" Adhesive 

became  flaky 

after  cure  and  peeled  off 

w 

J 

* 

I U55 

lOpts  Ti02 

cl  2 

3 

610 

1*1*0 

270 

100 

0 100  0 

100 

0 5 

! 

■\ 

1 1*56 

I 

20pts  " 

1 = 5 2 

2 

710 

1*00 

330 

100 

0 100  0 

100 

0 

'S 

i 

i 

1 

l 

] 

d 

i 

■i 

I 

! 

I 
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TABLE  16  ( Contd. ) 


Panel  Adhesive  Avg.Giue  Line  Shear  Strength,*  Bona  Failure  . 

Set  Composition:  Thickness,  Mils  psi  70*  F 300°  F 500*  F 

No.  Resin  & Filler  70° F 300°  F $00° F 70*7  3008F  $00"?  AuhgCohg  AdhjlCohS  Adh^Coh* 


DC-996 


U06 

None 

3.5 

2 

3 

1210 

210 

150 

100 

0 

100 

0 

100 

0 

U57 

20pts 

Al.dust  6 

? 

6 

yo  5 

100 

100 

100 

0 

50 

50 

0 100 

U58 

50pts 

" » 11.5 

6 

12 

8ao 

150 

on 

✓ 

100 

0 

75 

25 

Q 

100 

U59 

20pts 

Mica"  7 

5 

3 

1215 

295 

210 

50 

50 

0 

100 

0 100 

U60 

50pts 

« n 6 

5 

7 

i2ao 

320 

190 

50 

0 

100 

0 100 

U63 

lOpts 

Celite  lln  5 

lli 

13 

1710 

160 

80 

100 

0 

80 

20 

100 

0 

U6J+ 

50pts 

" 1U.5 

13 

13 

1350 

320 

210 

100 

0 

100 

0 

100 

0 

U62 

lOpts 

■Sant  or  etc  3 

3 

3 

1265 

220 

130 

100 

n 

ten 
«*■  — 

50 

60 

20 

U6l 

20pts 

SanfcocetC 3 

3 

6 

1775 

220 

120 

100 

0 

100 

~0 

100 

n 

U65 

lOpts 

TiOp  6 

a 

a 

1690 

220 

90 

100 

0 

100 

0 

100 

0 

U66 

5opts 

„ 9 

6 

6 

ia3o 

3 u0 

120 

100 

0 

100 

0 

100 

0 

U93 

Maw  0 

H win. 

3 

u 

5 

1220 

180 

0 

100 

0 

100 

0 

100 

0 

U9U 

lOpts 

Agerite  2 

1 

1 

1735 

220 

20 

100 

0 

100 

0 

100 

0 

Alba 


;;-i 

.iwuw ; 

1,  All  panels  were  A-l  aluminum,  C-l  cleaned  oven  cured  16  hro.  © i.80°F. 

2,  All  X-2608  panels  were  P-U  primed ^ 

3,  All  X-2608  panels  were  preheated  for  solvent  evaporation  aid  advance 
cure  1|  hrs.®  I50'F  and  ^ hr.  ©300* F.  All  others  were  preheated  3 hr,  © 
150"  F and  4 to  ] hr.  ©300®  F, 

u.  Press  cure  at  contact  pressure  was  30  min.  ©300" F for  all  X-2608  panels  and 
300® F until  resin  "flowed"  for  all  other  panels. 
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0>  r-t 
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TABLE  - 16 


EVALUATION  OF  COMMERCIAL  STRUCTURAL  ADHESIVES 


Panel 

Cure?  AvgrOlue 

Shear 

Bond 

Set 

Priming 

Adhesive 

Press  Oven  Line 

i thick-Strcngth  Failure 

No.1 

Method 

Composition 

Min. 

°F  Hr,.  CF  ness 

jMils 

r>c  i 

rr*  . 

Adh^Coh^ 

52 

M3C 

MN3C  Tape 

none  L5  330 

10 

3000 

0 100 

Soln. 

(Nptoco, Inc. ) 

min 

53 

None 

EC-12L5  (Minn. 

n 

30  250 

6 

Loco 

0 100 

Mng.&Mfg.  Co. ) 

min 

236 

P-L 

Armstrong  A-6 
with  Activator 

'Bw  60 

ppin 

6 

825 

10  90 

23? 

t» 

CTL-91-D 

L5 

325  72  300 

1L 

l6?5 

30  70 

238 

None 

Scotchweld  £588 

75 

325  None 

9 

2267 

100  0 

239 

P-L 

it 

it 

it 

6 

13L3 

90  10 

2!i0 

ti 

OE-So-15  Paste 

35 

250  1 300 

9 

150 

10  90 

?m 

None 

Pliobond 

15 

cold  1 300 

press 

6 

11*3 

0 100 

2U2A 

P-L 

Synco  £935  with 

air 

dry  25  300 

8 

Adhesive  stretches 

Aceieracor  "N!i 

30 

i.ilii 

/-I 

MINA 

is  soft 

r 4pl labia 

2ii2B 

None 

n 

ii 

II 

8 

it  it 

It 

Notes j 

1.  All  test  panels  were  A-l  aluminum,  C-i  cleaned. 

2.  Curing  procedures  recom,nerd»d  by  the  manufacturers  were  followed. 
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TABLE  - 19 


THE  EFFECT 

OF  THE  ALIGNMENT 

OF 

Ttrc  .* 

1 A-W  X 

PANELS 

IN  DILLON  TESTER  JAWS 

Panel 

Glue  Line 

Shear 

Bond 

Set 

Pri-.±n| 

• Adhesive 

Over 

Cure-^ 

Thickness , 

Strength 

Failure 

No.  1 

Method' 

Composition 

Hrs. 

o r» 

Hi  is 

psi®.T. 

Adh£  Coh$ 

202-T 

r— 3 

X 6719-A 

lU 

300 

5 

L30 

luo 

202-T 

ti 

!? 

tt 

tt 

5 

380 

tt 

202-T 

tt 

tt 

tt 

tt 

5 

LOO 

tt 

202-T 

tt 

tt 

>i 

ii 

h 

u5o 

tt 

202-0 

ft 

tt 

II 

it 

5 

L6o 

V 

202-0 

tt 

ft 

it 

it 

3 

L10 

tt 

202-0 

tt 

tt 

tt 

ti 

ii 

i7n 

✓ 4 — 

ii 

202-0 

t? 

it 

tt 

it 

U 

300 

ti 

203-T 

if 

tt 

tt 

tt 

r 

P 

UUO 

tt 

203-T 

V 

tt 

It 

tt 

6 

LlO 

ti 

203-T 

ft 

it 

it 

ti 

6 

LOO 

it 

ri  /*.**  -r 

V 

tt 

»t 

ti 

6 

380 

ti 

201-0 

ft 

tt 

t» 

tt 

3 

395 

ti 

203-0 

tt 

n 

t! 

tt 

5 

UC5 

it 

203-0 

tt 

tt 

It 

ti 

3 

360 

it 

203-0 

ft 

M 

ii 

u 

u 

320 

ii 

1.  T 

» Trued  Alignment  of  Panel 

and 

Dillon  Jaws 

wiih  r ecuare. 

0 “ Dillon  "off-seti!  as  far  as  possible. 

Test  panels  of  A-l  aluminum,  all  C-l  cleaned. 

2.  In  acetone. 


3.  All  panels  press  cured  at  contact  pressure  30  min.  f250° F prior 
to  oven  cure. 
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TABLE  - 20 

COMPARISON  OP  SHEAR  TEST  RESULTS  AT  C.H.R.  WITH  RESULTS  AT  WADC 


Tested  at  WADC 

Tested  at 

C.H.R. 

i 

Bond  Strengths, psi 

Bond  Strengths,  psi 

Bonding  Material 

Sample 

(270°  F 

@500° F 

Sample 

©70°  F 

f?'50G“ 

1 

1 

Shell  U22-V-28  1 

A-i 

1900 

A- 2 

2050 

( Epoxide-phenolic 

A-3 

1920 

A-6 

2100 

resin) 

A- 5 

2050 

A-8 

1750 

A- 7 

1760 

A-10 

2175 

f 

j 

B-2 

1300 

A- 9 

2160 

B-U 

1800 

E-l 

1380 

3—6 

1L00 

! 

i 

B-3 

1870 

n_  Q 
- 

1LOO 

H-5 

13U0 

3-10 

1L0O 

B-7 

16U0 

C-? 

2150 

5 

1 

B-9 

1L60 

C-L 

1300 

C-l 

2100 

n C 

1B90 

C-3 

1370 

C— 8 

1200 

C-5 

2100 

C-10 

2200 

1 

C-7 

1370 

! 

C-9 

2520 

i 

i 

Avg. 

20U3 

151L 

Avg. 

1966 

1392 

Avg.  Deviation 

of  C.H.R. 

results 

from  those  of  WADC 

-3.8/0 

-8% 

i 

X 6719-A  with  ? 

i 

CHR  260  primer* 

766 

273 

600 

728 

273 

700 

■ 

i 

710 

182 

720 

i 

692 

173 

575 

109 

w 

1 

1 

Avg. 

690 

202 

Avg. 

673 

1 

Avg.  Deviation 

of  C.HcRh 

results 

from  those  of  WADC 

2.5.^ 

Notes: 

1.  Samples  bonded  at  WADC;  have  also  beer,  inferred  to  as  L22J  in  letter 

j of  22  September  1953. 

2.  Samples  bonded  at  Connecticut  Hard  Rubber  Co. 

I 
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APPENDIX 


Description  of  Commercial 
Materials  Used  in  the  Research 


i f 


* 

i 

i 

f 

i 

i 

i 


Daw  Corning. 

■ ■ ■ ii  ■■  m*L 

DC  40 -C 


Silicone  adhesive 


no 

Silas  tic 

112 

n 

796 

Primer,  < 

801 

Silicone 

802 

8 03 

’H 

6 vs*  4. 

11 

935 

Silicone 

993 

it 

994 

it 

996 

ii 

997 

•i 

1088 

Sil  icons 

1089 

r 

1360 

Silicone 

2103 

Silicone 

2104 

ti 

2105 

it 

2106 

Silicone 

6719A 

Silicone 

- 270 

Silicone 

alcohol 


li 

I? 


11 

;i 

11 

ii 


ii 

ti 

n 

ISl 

11 

11 

il 

Ii 


11 

It 

It 


t; 

ii 

it 

n 


Silicone  Insulating  ftire  Varnish  - Resin 

it  !!  ??  II 


Re  s in 


it 

ti 


ii 


XC-  276 
Xc-6708 
XR-  100 
XR-  261 
XR-  398 
XR-  5u3 
XR-  544 
XR-  807 
XR-  856 


General  Electric 


Silicone  Leather-Treating  .-.gent 
Silicone  Rubber  Adhesive 
Experimental  Silicone  Resin 


i« 

n 

it 

ii 

it 

it 


(Foamed  Structure) 
it  ii 


81119 
91369 
81390 
81392 
81397 
SE -ICO 
SF-96(500) 
SF-96( 1000) 
SM-61 


V*ADC  T R 54-98 


F:e  s in 

t?  insulating 


ma  te  ri  al ) 


Silicone  Oil 
Experimental  Silicone 
Silicone  Resin  (Class 
Silicone  Oil 
Experimental  Silicone  Resin 
Silicone  elastomer 
Silicone  Oil 

II  IT 

Oil-in-water  emulsion  of  a methyl  silicone  fluid 
Silicone  flexible  insulating  resin  for  extreme 

hot  or  cold 

111 


Li* 


i 


3R-28 

Si.L  icc  no 

~ i ~ 

SR-32 

ii 

11 

sr-53 

Sill cc  no 

Rc3in  for  water-re pollency 

SR-61 

Sil icone 

Resin 

SR-80 

n 

It 

SR-82 

n 

II 

SR-96 

Silicone 

Varnishj  high-temp,  hard  flexible  film  resin 

SR -02 

Silicone 

re  a 1 n 

S3- 15 

Silicone 

Paste  for  bonding  and  Scaling 

SS-64 

Snz'  f*  0 

^reparation  for  bonding  and  Sealing 

Li  tide 

GS-1 

Sil  icone 

Resin  Emulsion 

X-61 

Silicone 

Ra  sin 

X-62 

11 

it 

X-63 

II 

11 

X-II4.-A 

Silicone 

Polyme rization  starting  material 

X-I4-C 

TV 

:i  *!  ~ II 

X-14-B-640 

It 

II  II  II 

Y-1043 

Y-1044 

Silicone 

>5 

-styrvino  noooivmer  - experimental  polling  cmnd 

" ii  * ii  ;;  e * 

Midland  Industrial 

Finishes  Co. 

160-25-D 

Clear  Silicone 

160-29-H 

ti 

11 

160-3C-D 

S ill  cc  ne 

Alkyd,  oil-modifiod 

RS-513 

Silicone 

Alkyd 

ii3— 

Silicone 

aikyd,  oil-modified 

X-2292 

Silicone 

Phenolic 

X-2605 

Silicone 

Alkyd.  oil-r.oaifie  a 

X-?6o6 

Sil  icona 

iilkyd 

X-2720 

Silicone 

Epoxy 

V-54B 

Mod  ifiod 

Silicone 

V-552 

if 

11 

Connecticut  Hard  Rubber  Co, 

0HR-261 

Silicone 

Rubber  Cement 

CHR-259 

a 

11  11 

CHR-260 

Sil  icone 

rrimer  Containing  Silanes 

0-2 

Silicone 

oil 

Monsanto  Chemical  Co. 

Santocel-C  Aero  go  1 Silica  figment 
DuPont  Co, 

US-199-S  Coated  Hydrophobic  Silica  Filler 
Johns  Man vl lie 

Cclite-Diatomaceous  Earth  Silica 
Cabot 

Aorosil  Silica  - Vapor-Phase  Silica 
Shell 

422-V-28  Epoxide-phenolic  resin 
KaDC  TR  $4-9 6 112 


